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PREFACE 
This Summary of Abstracts contains all abstracts 
submitted for publication during calendar year 1980 by the staff 
and students of the Woods Hole Oceanographic Institution. Because 
some of the abstracts may not be published in the journal to which 
they have been submitted initially, we have purposely omitted 
identifying the journals. The volume is intended to be informative, 
but not a bibliography. 
The abstracts are listed by title in the Table of Contents 
and are grouped into one of our five departments, marine policy, or 
the student category. An author index is presented in the back to 
facilitate locating specific papers. 
~fL-.~~~ 
Arthur E. Maxwell 
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h Q u A C U L T U R E 
CHEMICAL QUAL ITY AND P~ODUCTIO~ OF AGARA 
EXTRACTtO FROM Gracilaria tikvahiae 
GROWN IN DIFFERENT NITROGEN EN~ I CHMtNT 
CONDI TI ONS 
Kimo n T. Bird , M. Dennis Hanisak 
and John H. Ryther 
Increasing concentrat ions of nitrogen 
fertilizer led to increased growth and in-
ternal nitrogen content of Gracilaria 
tikvahiae and decreased yields of agar . The 
thallus nitrogen content was highly corre-
lated with percent prote i n and protein : 
caroohydrate ratios, and percent agar was 
nighly cor r elated wi th percent carbohydrate . 
Aga rs extracted from thall i grown under 
nitrogen en riched cond itions had higher 
melt ing and gelling temperatures and greater 
gel strengths than did agars extracted from 
less enriched thalli . The increased gel 
s t rengths were found to be associated with 
decreased percent 3, 6 anhydrogalactose and 
increased percent sulfate , r esults contrary 
to current mode ls of gel strength . Th e data 
indicate that the increased gel strengths 
found in these experiments may be due to the 
greater molecular size of the agar polymers , 
as indicated by the increased me lting t em-
peratures associated with greater ge l 
strengh t s . The changes in the characteri s-
t i cs of the agar polysaccharides with i n-
creased plant growth f i t current hypotheses 
of wall elongation requirements . 
Supported by: SERI Contract XR- 9-
8133-l and the Harbor Branch 
Foundation . 
TrlE USE OF LIPID S~ECIFIC STAINING 
ftCHNIQUES FOR ASSAYING CONUITION IN 
CULTURtD diVALVE LARVAE 
Scot t M. Gallager and ~oge r Mann 
A simple , inexpensive , rapid t echnique 
for qualitatively assaying the nutritional 
s tatus of bivalve larvae in large scale cul -
tures i s described and eva l uated . Lip id has 
oeen iden tified as be ing the majo r energy 
r eserve of deve loping and metamorphosing 
l arvae . Adverse culture cond iti ons affect 
normal patterns of lipid accumulation and 
utilization. A 1 ipid specific staining 
tecnnique , using either Sudan Black B or Oi l 
~ed 0, was used to monitor me tabol ic 
dysfunction and l arval hea lth as r elated to 
cultur e conditions , and subsequently eval u-
ated as a diagnostic tool for culture 
assessment . 
8- 3 
In a series of mat rix design experi1nents 
witn larvae of the oivalve Teredo navalis 
(L . ) ( three temperatures , lU , ~o· and 30 C; 
and two food s pec ies, Isochrys i s galbana 
(Parke) and Phaeodactylum tr icornutUin 
(Boh lin ) plus re l evant starvat 1on controls) 
both temperature and food species were 
demonstrated to have profound affects on 
growth, size of the sta ined lipid reserve 
area surrounding the digestive gland , and 
the ex tent of li pid mobi lizati on as indi-
cated by the pr esence of diffuse colorat ion 
in the tissues fo ll owing staining . The high 
lipid content of healtny l arvae and subse-
quent depletion during imposed starvat i-::Jn 
periods was visualized with the stai ni ng 
technique and subsequently substantiated by 
comparative gross bi·)Cnelllica l analysis of 
actively growi ng and starved larvae . 
Th e study concluded that the lipid 
sta ining technique could be used as a Jiag-
nostic tool for rapidly assessing cond iti on 
of cultured larvae . 
Supported by: ONR Contract N00014-
79-C-0071 NR083-004. 
THE EFFECT OF VA~YING CA~BOH/N IT~OGEN 
RATIO IN THE PHYTOPLAN~fER Thalassiosira 
pseudonana (3H) ON ITS FOOD VALUE TO THE 
BIVALVE Tapes japoni ca 
Scott M. Ga llager and Roger Mann 
The growth of juvenile Manila clams , 
Tapes japonica , wa s exrunined on diets of the 
diatom Tha lassi os i ra pseudonana (3H) of dif-
ferent C/N ratios {by atoms) over a per i od 
of four weeks . Bivalve tissues growth was 
corre lated wi th the tota l quantity of die-
tary nitrogen available rather than dietary 
carbon ; however , dietary C/N ratios of 8 .4-
10 . 5 appear superior to higher or lower 
va l ues . The use of C/N ratios as an indica-
tor of nutriti ona l value in aquaculture food 
species and measurement and interpretation 
of the ratio are critically reviewed . 
Supported by: NOAA , Office of Sea 
r,rant, Grant 04-6-158-44106 . 
fHE RtPRODuCTIVE CYLE Or Arctica islandi ca 
ON THE SOUTHERN NE W ENGLAND SHELF 
~oger 1~ann 
The reproductive cycle of the Ocean 
Quahog , Arctica islandica , was investigated 
by examining histological sections from tne 
mid-ven tral region of adult specimens wnich 
were co ll ected at regular intervals during 
the period September 1978 - May 1980 , along 
a transect extend ing from 36 - 48 m depth , 
on tne Southern New Eng l and She lf. Morpho-
logically ripe specimens were present from 
1•1arcn tnrougt1 Uctober , predominating from 
f•iay tnrougn September . Individuals witn 
partially spent or spent gonads were present 
tnrouynout the year . Multiple annual spawn-
ings at botn tne indi vidua l and population 
leve l are evi dent. It is specula ted tnat 
t ne oreakduwn of an intense seasonal tnenno-
cline in tne early fall , COI'lbined witn low 
w1nter s~a water temperatures may effec-
tively limit tne period during whicn larvae 
can survive to :netamorpnos is . Tne func-
t ional suawning season of adult A. islandica 
may , therefore , be limited to ti1i per1od of 
ear ly Septemoer - 111i :J ~~ovember . 
Supported by : NOAA, Office of Sea 
Grant , Grants 04-8-MOl -149 and 
NA79AA- D-00102; and WHOI . 
THE crrtCf OF SUdSfKAfE PA~TICLE SILt ON 
GRO~TH OF THE MANILA CLAM Tapes japonica 
r{oge r Mann 
In three snort term laboratory experi-
ment s the growtl1 r ate of the ivtan i Ia clam, 
Tapes japonica , did not appear to ~e 
strongly influenced by either the particle 
size of tne substrate in whicn it grew ur 
tne absence of substrate . Tne implications 
for snellf i sh seeding programs are good in 
tnat, in the presence of adequate food , good 
growtn may be expected in a wide range of 
suostrate types . 
Supported by: NOAA, Off i ce of Sea 
Grant, Grant 04-6-1 58-44016 . 
G~O~ fH OF THE dAY SCALLJP , 
Argopecten irradians , IN A ~ASfE 
KECYCLING AQJACULTU~t SYSfcM 
Koge r f'iann and r< odma n E. Taylor , Jr . 
Growth of the bay sca ll op Argopecten 
irradians in a pilot scale waste r ecyc l 1ng 
aquaculture system was ex~nined over a 32 
week period at l4·c. A. irradians increased 
from initia-l live and dry :neat weights of 
1.1 5 9 and 0.043 g respectively to terminal 
va l ues of 9.08 g and 0 .599 9 respectively . 
Thi s corresponds to i nstantaneous growth 
rates for li ve weignt (G ) and dry meat 
weight (M) of O.OU9 and 0.013 respective ly . 
!-l i gh 1110rtalities were evident towards the 
end of the experiment with a terminal value 
of 33% giv i ng an 1nstantaneous 1nortality 
rate (Z) value of 0.0016 . In laboratory 
experiments of 12 weeks duration at 12 , 15, 
ld and 21·c juvenile~- irradians gave 
B- 4 
values of U.O l , 0.013, 0.018 ·and 0. 016 for 
G; 0.015 , 0 .015, 0 . 016 and 0.013 fo r M; and 
0.038 , 0 . 038 , 0 .037 and 0.040 fo r Z at the 
r espect ive temperatures . Sne ll deformit ies 
were evident in labortory grown indiv iduals . 
A. irradians exhibits specific growth rates 
COillparab l e to or higher tnan those prev i-
ously record~d for other bivalve spec ies 
cultured in waste recycling syste1ns ; how-
ever , a cons i der aole reducti on in the pre-
sent ly t1igh mortality rate will be requ ired 
to llldke A. irradians a prime candidate for 
practicaT app ll Cdtlon . 
In Press: Aquaculture . 
Supported by: NOAA, Office of Sea 
Grant, Grant 04-6-158- 44016; and t he 
Jessie Smi th Noyes Foundation, Inc . 
PUBLIC HEALTH ~SPECTS UF fHE CULTUK E OF 
OYSfERS IN A WASTE RECYCLING 
AQUACULTURE SYSTEM 
Koger 1'-1ann and Rod1nan E. Taylor , Jr. 
A study of 24 weeks durati on was carr ied 
out in wn i ch oysters (Crassostrea ~) 
~~ere grown in four r eg i1nes . Tnese were : (i) 
on pnytoplankton cultured in a mixture of 
secondary treated sewage eff luent and sea 
water for a period of 12 weeKs fol lowed by a 
second 1~ week period of feeding on phyto-
plankton cultured in a "clean" , inorgani-
ca lly enriched regi:ne ; (i i) as for (i) ex-
cept tnat the secondary eff luent was sand 
f iltered prior to use ; (ii i ) as for ( ii ) 
except t11at the eff luent was c11arcoa l fil-
tered prior to use; and (iv) using "clean", 
inorganically enriched phytop l ankton food 
for tne 24 weeK duration . At intervals of 
two weeks , populations of oysters were r e-
moved for assay for trace metals (Cd , Cr , 
Cu , Hg , Ni , Po , Zn) and or ganic contaminants 
(nydrocarbons , P. C. B. ' s) . No significant 
accumulation or depura t ion of any metal or 
organic contami nant was evident in any of 
the r egimes . In terms of these con taminants 
all oysters are within acceptab le ed ible 
standards as set by F. D.A. 
Publi shed in : Publications of U. S. Food 
and Drug Admi ni s trati on , Public 
Health Service Department of Hea l th 
and Human Serv i ces ; Proceedings of 
Sixth F.D.A . Sc i ence Symposi um on 
Aquac ulture : Public Health, Regu l a-
tory and Management Aspects . C. 
Zervos and C. E. Kimble , editors . 
Supported by: NOAA , Office of Sea 
Grant , Gra nt 04-07-158-44104. 
STUDIES ON SIOMASS AND 8IOGAS . PRODUCTION 
SY AQUATIC MACROPHYTES 
John H. Ryther 
A vegetative clone of the red seaweed 
Gracilaria tikvahiae has been grown continu-
ously for two years with yields averaging 12 
g afdwfm2·day (17.5 t/a · yr) in suspended 
culture . With improved medium such yields 
may be obtained with one exchange of sea 
water per day and with aeration only during 
dayl ight. Yields from non- intensive pond-
bottom culture have averaged 3 g afdw/m2 . day 
in preliminary experiments. Exposure of 
plants to high concentration of nutrients 
with water flow stopped for 48 hours sup-
ported uninterrupted growth in unenriched 
flowing seawater for an ensuing two-week 
period and prevented ep i phyte growth. 
Yields of water hyacinth in experimental 
ponds averaged 25.7 g afdw/m2 . day (37 
t ja .yr) from March 1978 to March 1979 . 
Season, nutrient form and availability and 
stand density affect the relative proportion 
of structural vs . non- structural tissue in 
the plants and their digestaoility and 
methane production . ET waterloss from 
pennywort , water hyacinth and duckweed 
measured over nine months in outdoor cul-
tures wa s 2. 1, 1.7 and 1.9 times water loss 
Dy evaporation alone . Stab le , continuous 
anaerobic digestion of Grac ilari a and water 
hyacinth has been mainta ined for over a year 
with 1nean biogas production from both spe-
cies of 0 .4 liters/g volatile solids at 60% 
methane and with nutrients recycled from the 
plants to digester residues and back into 
the plants at overall efficiences of 48% and 
65% respectively . 
Published in: Proceedings of B~~­
Energy World Congress and 
Exposition , 1980, Atlanta , GA, 
130-133 . 
Supported by: SERI Contract 
XR-9- 8133-l. 
MORE FOOD FROM THE SEA? I I . MARICULTURE, 
OCEAN RANCHING AND OTHER INNOVATIVE 
APPROACHES 
John H. Kyther 
Tne present world contribution of food 
from the sea from conventional mariculture , 
(primarily pond culture of Milkfish in Tai-
wan and Indonesia and cage cul ture of salmon 
in the U.S. and Norway}, and from ocean 
ranchinn of Pacific Salmon in the U.S., 
Japan and Russia , and of moll uscs and sea-
weeds is discussed and estimated quantita-
tively. Potential future yields from the 
expansion of these and other related 
approaches are also explored and projected. 
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ANAEROBIC DIGESTION ANO NUTKIENT RECYCL ING 
OF SMALL BENTHIC OR FLOATING SEAWEEDS 
John H. Ryther and M. Dennis Hanisak 
Experimental r esults are reviewed on 
biomass production , anaerobic digestion , 
nutrient r ecycling of digester residues and 
nutrient uptake kinetics in Gracilaria 
tikvahiae as a basis for a conceptua l mode l 
of a sha l low water , marine biomass energy 
farm that would utilize small benthic, un-
attached dr ift algae such as Gracilaria spp . 
or floati ng seaweeds such as a Sargassum 
spp. 
Pub l ished in: Proceedings of IGT 
Symposium, Florida , January 26- 30 , 
1981. 
Supported by: SERI Contract XR-9-
8133-l; NOAA , Office of Sea r,rant , 
Grant NA80AA- D- 00077; and the 
Harbor Branch Foundation . 
THE EFFECT Of IONIC FORM AND LEVEL OF 
NITROGEN ON THE GROWTH ANU COMPOSITION OF 
Eichhornia crassipes (MART . ) SOLMS 
Craig S. Tucker 
The average daily dry matter yield , per-
centage nitroge n and ch lorophyl l a content 
of water hyacint hs were found to differ 
sign i ficantly when cultured in nutrient 
solutions containing either NH4-N or N03- N. 
Average daily ash-free dry matter yield , 
ce ll - wal l f raction , and nonstructural carbo-
hydrate content were not significantly 
affected by the ionic form in which nitrogen 
was supplied . Varying the amount of nitro-
gen supplied to the water hyacinths resulted 
in significant differences in yield and com-
position . Low supplies of nitrogen result 
in decreased yields and fibrous plants with 
lower nitrogen and higher nonstructural car-
bohydrate content. 
Supported by : SERI Contract 
XR- 9- 8133-l. 
SEASONALITY OF GROWTH AND COMPOS I TI ON OF 
Eichhorn ia crassipes (MART. ) SOLMS IN 
CENTRAL FLORI DA 
Craig S. Tucker and Thomas A. DeBusK 
Water hyacinths cultured under condi-
tions of biweekly harvesting and constant 
nutrient availability showed seasonality of 
growth and composition . At the time of 
minimum growth rates , plants were highest in 
nitrogen (total and inorganic) and lowest 
in nonstructural carbohydrate and lignocell-
ulose content. As growth rates increased in 
the spring and sulllner , nitrogen content de-
creased and both lignocellulose and non-
structural carbohydrate levels increased. 
Plants harvested biweekly from a natural 
stand exhibited similar trends although the 
effect of nutrient level fluctuations was 
also evident. 
Supported by: SERI Contract 
XR-9-8133- l. 
EXPERIMENTAL SEA RANCHING OF BROOK TROUT 
(Salvelius fontinalis) 
FredericK G. Wnoriskey, Jr . , 
Rooert J. Naiman and W. Linn Montgomery 
An experiment to induce anadromy in a 
population of wild brook trout (Salvelinus 
fontinalis) was conducted near Sept-Iles, 
Quebec , in 1978-1979. Brook trout were cap-
tured from the Matamek River , tagged and 
transported to the Matamek River estuary 
during late spr ing and early summer, and 
allowed free movement between an impassable 
1~aterfall 0.7 km upstream and the sea. Fish 
were recaptured in autumn as they returned 
to freshwater . Ave raged over two years , 
34 . 0% of the released fish were recaptured. 
Best returns were in the 2+ and 3+ year 
classes with 38. 0% and 62 . 1% recaptured , 
respectively . Straying of transplanted fish 
was cl%. Al.l year classes included sea run 
brooK trout (sea trout) but the largest per-
centages of sea trout occurred in older 
fish . Growth was better in sea trout than 
in fish which did not develop anadromy, pre-
sumably a function of an increased food 
supply at sea. Severe tagging effects 
stunted growth and probably suppressed 
anadt·omy , especially among younger fish. 
Sexua l characteristics of recaptured fish 
indicated suppressed maturation of gonads in 
sea trout compared to fish remaining in 
freshwater , and there was a shift to larger 
fractions of females in sea trout. Compari-
sons between our results and data on other 
anadromous Salvelinus species underscore 
tne high potential for sea-ranchi ng as a 
moderate effort, high yield aquaculture 
technique. 
Supported by: Matamek Research Program 
of WHOI. 
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B I 0 A C 0 U S T I C S 
A REMORA, Remilegia australis , ATTACHED 
TO AN ATLANTIC SPINNER PORPOISE , 
Stenella longirostris 
Giuseppe N. di Sciara and 
William A. Watkins 
A remo r a, Rem i legia australis , was seen 
attached to an Atlant i c sp i nner porpoise , 
Stenella l ongirost ris . A photograph shows 
the remora tenaceously ho ldi ng to the lef t 
side of the porpoise during a spinning leap 
in air. The observations were made in the 
eastern Venezuelan Caribbean Sea at 10.25 ' N, 
64.30'W. 
In Press : Bulletin of the Southern 
Ca li fornia Academy of Sciences . 
Supported by: Boeing Marine Systems 
through a subcontract from Hubbs-
Sea World Research Institute; ONR 
Contract N00014 - 79-C- 007 l NR083-004; 
and the Ocean Inrlustri es Program of WHOI . 
REACTION OF THREE SPECIES OF WHALES 
Balaenoptera physalus , 
Megaptera novaeangl i ae, AND 
Ralaenoptera edeni TO IMPLANTED RAD IO TAGS 
William A. Watkins 
Radio tags were implanted in Balaenop-
tera physalus (finback) and Megaptera 
novaeangliae (humpback) during June 1978 in 
Prince William Sound, Alaska , and in October 
and November, 1979, Balaenoptera edeni were 
tagged with the same system near Puerto La 
Cruz, Venezuela . There was little visible 
response to the implantation of the whale 
tag, but there was reaction to the maneuver-
ing of the boat and to sudden underwater 
sounds . There was no ev idence tha t the 
whales recognized the tagging boat . 
In Press : Deep- Sea Research . 
Supported by: ONR Contract N00014-
79-C-007 l NR083-004. 
RADIO TRACKING OF FINBACK 
(Balaenoptera physalus) AND HUMPBACK 
(Megaptera novaeangliae) WHALES IN 
PRINCE WILLIAM SOUND , ALASKA 
William A. Watkins, Karen E. Moore, 
Doug las Wartzok and James H. Johnson 
Finback whales (Ba laenoptera physalus) 
and humpback whales (Megaptera novaean~liae) 
were tracked by radio tags 1n Pr 1nce W1ll1am 
Sou nd, Alaska, during June 1978. Tr acKs of 
the wha l es show detai ls of their movements . 
The tag remained implanted for over 16 days 
in humpbacKs and for over 17 days in a fi n-
bacK (24 days tracking of one whale, visu-
al ly and oy radio). Tne whales appeared t o 
be undisturbed by the tags . Du ri ng the 
tracKing both species had distinc t shifts in 
behavior, their activ iti es were of t en in 
un i son with conspecific compan i ons , and they 
had snorter dive times during the dark. The 
f inbacks r etur ned pe r iodica l ly to the same 
area and the humpb acks roamed for as much as 
100 km in a day. The rad i o tags provided 
positive individual identification needed 
f or continuous tracking and for detailed 
behav ioral obse r vation. 
In Press : Deep-Sea Resea r ch . 
Supported by : ONR Contracts N00014-
79- C- 007 l NR083 - 004 and N00014 - 75-
C- 070l NR104-676 . 
KlGHf wHALE S (Eubal aena g lac i alis) 
IN CAPE COD WATE~S 
Will i am A. Wat Kins and William E. Schev ill 
Sightings of ri ght wha les (Eubalaena 
glacial i s) in waters aro und Cape Cod , Massa-
chusetts, are reported fo r 1955 through 1979. 
Aer ia l and shipboard observat ions indicate 
that some of these whales are seen occasion-
ally in this area during most of the year . 
The peak in sightings is dur i ng Apr i l and 
May . Kight whales were seen i n 204 
occasions during 20 years . Sightings are 
l isted by date, total number seen (740), 
total reduced by es timated repea ters (629) , 
number of wha les per observat i on , etc . We 
apparently see only a portion of a l arger 
popu la t ion of right whal es . 
Support ed by: ONR Contract N00014-
79-C- 007l NR083-004 . 
B E N T H 0 S 
SELECTIVE GKAZ ING BY TH E MUD SNA IL 
Ilyanassa obsoleta 
Mi chael S. Co nnor and ~ooert K. Edgar 
Mud snails ( I lyanassa ohso leta) starved 
for 48 nr were allowed to feed on sediments 
in l aboratory mi crocosms. Sediment cor es 
s l iced aL c m1n i nterva l s were compared t o 
sna i I stomach contents for percent caroon 
and nitrogen , plant pi gment con tents and 
spec i es composition of benth i c diatoms. 
Concentrati ons of caroon , nitrogen , 
B-7 
phaep i gments, phycocyani n and chlorophyll 
~~ere enr i ched in tne top 2 mm of the sedi-
ments compared to 7- 10 mm depth by a factor 
of 2-10. In tu r n, these materials were 20-
40 t imes more concentra t ed i n sna il guts 
t11an in t ne surf ace sediments . Snai l feces 
wer e enriched for ca r bon and nitrogen by S-7 
times ove r the surface sed iments . Bacter i a l 
chlorophyl l peaked at about 3-4 nun in t he 
sediments and was not detectab le i n t he 
snail stomach conten t s . Tn e C/N ratio of 
t he snai l stomach contents was only 6 com-
pared to a rati o of 8 . 5 fo r t11 eir feces and 
12 f or the surf ace sed iments . 
fhe percentage of mi gr atory diatoms 
(e .g., Nitzschia and Navicula ) decreased 
with depth where non-migratory species, such 
as Fragilaria pinnata, dominated. These 
migratory species were more commo n i n the 
sna il s than in the sediments on which tney 
were feedi ng. 
A comparison of daily ingestion rate to 
the anima 1' s energy oudge t shm~s ti1at this 
se lective ingest ion is suffi cient to mee t 
Ilyanassa ' s ene r gy needs . 
Supported by : WHOI Education Program; 
Pew Memoria l Trust; NOAA, Office of 
Sea Grant , Gran t s 04-8-MOl-149 an d 
04-7- 158- 44104 . 
THE EFFECT UF GRAZ ING SY MUD SNA ILS 
( Ilyanassa obso l et a) ON THE STRUC TURE AND 
ME TABOLISM OF A ~ ENTHIC ALGAL COMMUN ITY 
Mi chael S. Co nnor , John M. Tea l 
and Ivan Valiela 
Eastern mud snails (Ilyanassa obsoleta) 
in densities of zero , six or twe lve sna il s 
were placed in flow-thro ugh l aboratory 
microcosms (765 cm2) conta i ning 5 em of 
frozen and sieved sediments . Other micro-
cos:ns were raked daily to a dep t h of 10 mm . 
Al 1 these contai ner s were i ncubated fo r fiv e 
weeks and regu larly sampled for photosynthe-
tic pi gments and l ight and darK exchange of 
oxygen and carbon dioxide . Grazing by l ow 
dens i t ies of snails sign ificantl y increased 
ch lorophyll standing stock. Resp i ration and 
gross photosynthesis incr eased by an even 
greater amount compared to tne ungrazed con-
tro l s. The standing stocks of a l gal pig-
ments and r esp iration and photosynthesis 
rates were depr essed in the mic rocosms wh i c11 
rece i ved t he 12-snai l or the raking treat-
ments . 
The dom i nant benthic a l gal group in 
these micr ocosms were pe nn ate diatoms . 
Grazed contai ners con tained a larger 
percentage of the non-motile classes of 
diatoms as compared to the mo tile forms 
which predominated in the untreated 
microcosms . The other treatments behaved 
intermediate ly. 
Much of Ilyanassa 's ef fect on sediment 
diatom communi ties i s due to the secondary 
effects of fertilizing and stirring the 
sediments in additi on t o t ne primary grazing 
effect of cell removal. 
Supported by: WHOI Educat ion Program; 
Pew Memoria l Trust; NOAA, Office of 
Sea Grant, Grant s 04-8- MOl - 149 and 
04- 7- 158-44104. 
COMPARATIVE MORPHOLOGY OF THE RADULAE AND 
ALIMENTAR Y TRACTS IN THE APLACOPHO~A 
~nelie H. Scheltema 
The alimentary tract was studied in one 
genus of Neomen iomorpha and in fi ve genera 
of Chaetodermomorpha. 
The cuticular oral shield of the Chaeto-
dermomorpha is part of the foregut cuticle . 
A dorsal c i l iated tract or typhlosole, 
an unarti culated radula on a radular mem-
brane , an odontophor e with bolsters within 
the haemocoele , and paired tubular salivary 
glands are conservati ve molluscan charac-
ters . It is not certain whether an undivided 
stomach-digestive gland (Neomeniomorpha ) or 
separate s t omach and digest ive diverticulum 
(Chaetodermomorpha) represents the pr imitive 
midgut in the Aplacophora. The mol l uscan 
style may primitively have been formed 
throughout t he stomach and anterior intes-
tine (Scutopus) . A style sac with proto-
styl e and a gastric shield have evolved 
together independently in one family of 
carnivorous Apl acophora (Chaetodermatidae). 
The genera studied here exhibit an evo-
lution of the radula from rows of disti cho us 
teeth firmly affixed to a divided or fused 
radular membrane to ( l) a gastropod- like 
articulated radula and (2) a highly spec ia l-
ized pincers-like radula. The odontophore 
has evolved from a structure scarcely pro-
truded into the buccal cavity to one with 
the tip lying free , surrounded by deep 
buccal pouches and sublingual cavity. A 
carnivorous diet is related both to a primi-
tive radula (G mnomenia) and to two types of 
spec ialized radulae Prochaetoderma and the 
Cnaetodermatidae Chaetoderma and Falcidens) . 
Evol ution t o a gastropod-like radula 
combined with jaws which ho l d the mouth open 
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in Prochaetoderma has made possible a diet 
which is i ndependent of parti cl e s ize . A 
broad food source may be one r eason that 
some species of Prochaetoderma are numeri -
ca lly daninan t members of the fauna i n the 
deep sea , where food may be limi t ing . 
In Press: Malacologia. 
Supported by : NSF Grants GB 6027X , 
GA 31 105 and GA 36554 . 
THE SIGNIFICANCE OF LARVAL DISPERSAL TO 
THE EVOLUT ION OF BENTH IC MARINE SPEC IES 
Rudolf S. Sene l tema 
l . Sufficient data are now ava i lable to 
demonstrate that larval transport plays a 
role in the dispersal of contemporary ben-
thic speci es both along coastlines of con-
tinents and ove r ve ry long distances across 
great expanses of open ocean. 
2. Fossil evidence shows that pelagic 
larval developmen t was commonplace among 
molluscs in the Cr etaceous and Tertiary and 
(by inference) t hat larval transport was 
quite the same in earl ier geologic times as 
it is today . 
3. Muc h as they do today certai n taxa 
in the Tertiary had teleplanic larvae while 
others had a pelagic developmen t of more 
modest duration, weeks instead of months . 
4. All contemporary species with long 
pelagic development that have been exami ned 
thus far have wide geographic r anges and 
long temporal existences . On the other 
hand , where da ta are available, spec ies 
without a pelagic stage and ldcking otner 
methods of dispersa l generally have smaller 
geographic and geologic ranges . 
5. The plank ton ic mode of development 
taking into account its an t iq uity , must have 
important adaptive values fo r benthic mar i ne 
species. 
In Press: Genet i cs , Reproduction and 
Growth of Marine Invertebrates . 
Proceedings XIV Pacific Science 
Congress . 
Supported by : NSF Grant OCE73-00439 
and ONR Contract N00014-79- C- 0071 
NR083-004 . 
E S T U A R I N· E I R I V E R 
E C 0 S Y S T E M S 
STREAM ECOSYSTEM RESEARCH IN A 
WATERSHED PERSPECTI VE 
Robert J. Naiman and J~nes R. Sedell 
Detailed carbon and nutr i ent budgets 
have been constructed f or specif i c sites or 
defined reaches of streams and r i vers but 
have se ldom been extrapolated to the entire 
drainage network of a watershed . For 
sever a l years we have been invest i gat i ng 
pred ictable changes occurring in metabolism, 
drifting organic matter , benthic organic 
matter, and the invertebrate community as 
smal l streams in Washington, U.S .A. , and 
Quebec , Canada , gr adua ll y coalesce to form 
large rivers . Concurrently , the watersheds 
have been physically char acterized for 
drainage density, numbers and dimensions of 
s treams of various sizes, slopes , di scharge, 
hydrographic history, and several other 
parameter s. These data allow s ite specif i c 
studies to be extrapolated into a perspec-
tive describ i ng the entire drainage network 
in biological te rms. For th i s paper we com-
pare interpretations of metabo l i sm; seston 
dynamics , and distribution of quality habi-
tat for sa lmonids fr om site specific studies 
to results formulated when these data are 
used in conjunction with dat a on watershed 
cnaracteristics to show that a new dimension 
in understanding ecosystem structure and 
function can be achieved when the analyses 
are comb ined. As an example, in the Ma i s i e 
Rive r Watershed (Quebec; 19,811 km2) there 
ar~ 31,655 km of streams of order 1 to 6 
having an estimated surface area of 1.2 x 
108 m2 . Despite the apparent evenness 
i n surface area, 62.9 % of total periphyton 
gross production and 72.3 % of total net 
da i ly metabolism i s accompl i s hed in the 
large order ri vers . This type of analysis 
gi ves an overview of watershed processes 
tnat are not possib l e from site specific 
studies. 
In Press: Verh. Internat. Verein. 
Limn o 1 . , Vo 1 . 21 . 
Supported by: Matamek Research Program 
of WHOI and the U.S. Forest Serv ice . 
AN ECOSYSTEM OVERVIE W: DESERT FISHES AND 
THEIR HAt3ITATS 
KObert J. Na i~an 
The predominant trophic base , level of 
productivity , detrital characteristics and 
food web diversity of streams in mes ic and 
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desert regions are summar ized and compar ed 
at the ecosystem l evel . Desert streams are 
shown to differ from the i r mesic counter-
parts by having a predominantly autotrophic 
base , a lack of permanent headwater 
channels, an absence of signi f icant mounts 
of woody debris, and i ntermittent and vari-
able flow patterns. The main departure of 
desert streams from the river continuum con-
cept, wh i ch is developed from lotic ecosys-
tems i n mesic regions , is speculated to be 
that most desert streams , by virtue of their 
posit ion in the watershed, would be ranked 
as about 4th order streams in mesic regions. 
The structura l and functional properties of 
spring fed desert streams differ from desert 
streams s ubject to f l ash floods, and the 
ro le of catas trophic f l ooding is shown t o be 
ref l ected i n community development and life 
hi story strategies . Ho wever, t he basic 
nature of aquatic ecosystems in the American 
Southwest has been drastically al ter ed since 
1850 by grazing and concomitant erosion , and 
these changes are briefly rev i ewed to add 
perspective to the current s i tuation. 
Finall y, some general morpho logical and l ife 
history adaptat i ons of fishes to the charac-
teristic desert waters are bri efly il l us-
trdted . 
In Press: Fi shes i n North Amer i can 
Deserts. Wiley- Interscience. R. J. 
Naiman and D.L. Saltz, editors . 
Supported by: U.S . Fish and Wil dlife 
Service and Wi l ey- Interscience. 
STEELHEAO TROUT (Salmo gairdneri) ON THE 
NORTH SHORE OF THt GULF OF ST. LAWRt NCE , 
NEAR SEPT-I LES, QUEBEC 
Frederick G. Whoriskey, Jr ., 
Robert J. Naiman and Pe t er H. He i nermann 
Fourteen steelhead trout (Sa lmo 
gairdneri) were captured in the Matamek anu 
Ma isie Rivers on the North Shore of the Gulf 
of St. Lawr ence, near Sept-I les , Quebec, in 
the late summer and early fall of 1979 . 
Steelhead trout are not indigenous to this 
area. The relatively large numbers of fish 
taken and their presence in these two ri vers 
on the North Shore may ind icate an expanding 
distr ibution and a potent i al threat of 
colonizat i on in this area of pristine At l an-
tic sa lmon (Sa lmo salar) habitat. 
In Press: Canadian Journal of Fi sheries 
and Aquatic Sciences. 
Supported by: Matamek Research Program 
of WHOI. 
F I S H E S, S H A R K S A N D R A Y S 
PARASITISM AND ECOLOGICAL RELATIONSHIPS 
AMONG DEEP- SEA BENTHIC riSHES 
R. A. Campbell , Richard L. Haedrich 
and T. A. Munroe 
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We have studied the metazoan parasite 
fauna of 52 spec i es of deep-living benthic 
fishes from depths of 53 to 5000 m off the 
New York Bight (39-49°N; 70-72°W). 17144 
parasites were recovered from 1712 fishes. 
The infestation rate was 80%, with an aver-
age of 12 . 5 worms per nost. Percentage 
occurrence by group among all f i shes was 
Monogenea 12.9%, Digenea 48%, Cestoda 22 . 1%, 
Nematoda 54 . 5%, Acanthocephala 3.8% and 
Copepoda 4. 5%. Uiffer i ng .composition of the 
parasite fauna in different fish species r e-
flects differences in diet . Special ized 
feeders are rather distinct ; generalized 
feeders, which predominate, show overlaps in 
parasite fauna . In individual species, 
changes in diet with growth are reflected in 
changes in the parasite fauna . Infestation 
rate is directly related to abundance of the 
free-living fauna ; hence , fish from within 
the submar i ne canyon are more heavily in-
fested than those living wi thout. Although 
it contains fewer families and genera than 
shallow faunas , the deep-sea parasite fauna 
is not extremely unusual in terms of its 
abundance, diversity, or host spec i ficity. 
At the greatest depths, parasite abundance 
and diversity dramatically decline. 
Published in : Marine Biology , 57 : 
301 -313 (1980) . 
Supported by: NSF Grants DEB76-
20103 and OCE76-21878. 
THE WHITE SHARK, Carcharodon carcharias, 
IS WARM BODIED 
Francis G. Carey , John W. Kanwisher, 
Olive r Brazier, Geir Gabrielson , 
John G. Casey and Harold L. Pratt , Jr . 
Temperature in the swimming muscle of a 
4.6 m male white shark was measured by 
acoustic telemetry and found to be as much 
as 5° warmer than the water. The shark , 
which usually swam in the thermocline , was 
followed from south of Montauk , Long Island, 
New York, to Hudson Canyon, a distance of 190 
km in 3. 5 days . Metabolic rate was esti -
mated from the rate of warming of the muscle 
when the shark entered warmer water. This 
calcula~ion suggests that white sharks may 
be able to maintain themselves for long in-
tervals between large meals. 
Supported by : NSF Grants PCM78-
02350 and PCM76-81612; The Charles 
E. Cu l peper Foundation, Inc . ; and 
NMFS Contracts NA80FA- C- 00002 and 
03-78-001 - 24 . 
PATTERNS IN THE ACTIVITIES OF SWOK0FISH , 
Xipnias gladlUs 
Francis G. Carey and Bruce H. Rob ison 
The horizon tal and vertical movements of 
swordfish were studied using acoustic telem-
etry to monitor the location , depth and sur-
rounding water temperature of five swordfish 
i n the Pac ifi c near the tip of Baja Ca l i-
fornia and one in the Atlantic near Cape 
Hatteras . Two of the Pacif ic fish showed a 
clear diel cycle of movement between an in-
snore bank during the day and deep water 
offshore at night . All of the swordfish 
responded to l ight , swimning deep during the 
day and coming near the surface at night. 
In the Pacific , daylight depth appeared to 
be limited to about 100 meters by the oxygen 
minimum layer , but in well-oxygenated waters 
of the Atlantic, a midday depth of greater 
than 600 meters was recorded and the fish 
appear ed to follow an isolume . Uayt ime 
depth of the Atlant ic fis h was related to 
changes in light caused by variation in 
water transparency . The vertical movements 
were associated with temperature changes of 
as much as l9°C within two hours . Tne 
implications of rapid vertical movements on 
buoyancy and swimbladder volume were dis-
cussed . 
In Press : Fishery Bulletin . 
Supported by: The Charles E. Culpeper 
Foundation , Inc .; NMFS Contract 
04- 7-043 -35108; and NSF Grant 
PCM76-81612 . 
THE V I ~CE~AL TEMPEKATURES OF MACKEREL 
SHARKS (LAMNIOAE) 
Francis G. Carey , John M. Teal 
and John W. Kanwisher 
The viscera of mako , Isurus oxyrinchus , 
and porbeagle , Lamna nasus , sharks are 
significantly warmer than the water . Tne 
large suprahepatic rete miraoile in these 
fish serves as a heat exchanger which re-
tains metabolic heat to warm the viscera l 
organs. An argument is presented that the 
efficiency of heat exchange in the rete must 
be greater than 971 to maintain the observed 
tissue temperatures . A venous passage with 
a muscular wall runs through the suprahepa-
tic rete. When open , this passage would 
allow olood to by-pass tne heat exchanger 
and its presence suggests a simple mechan i s1n 
for controlling temperature. However , 
measurements of temperature by acoustic 
te lemetry from free swimming sharks over a 
4. 5 day period give little indication that 
stomacn temperature i s altered in a manner 
i noependent of the environm~nt . 
Support ed by : NSF Grants PCM78- 03250 
and PCM76- 81612; The Charles E. 
Culpeper Foundation, Inc.; and NMFS 
Contract 03-78- 001 - 24 . 
BIOPHYSICS UF GEOMAGNETIC FI ELD DETECT ION 
Ad r i anus J . Ka lmi jn 
In biology , the study of geomagnetic 
orientation has gained new moment um since 
tne di scovery of magne tic-fi eld detectors in 
aquatic organ i sms . Sharks and rays respond 
to de and low- f r equency voltage gradients of 
0.005 tJV/cm. By mov i ng through the eartn ' s 
magnetic fi e ld , they induce electr i c fields 
well within the sensit i vity range of their 
keen e lectric sense . As these fi elds depend 
on the direction in which the animal is 
heading , the induced vo ltage gradients may 
serve as the bi ophysical oas i s of an e l ec-
tromagnetic compass sense . The ability of 
s harks and rays to orient to the earth ' s 
mag netic f iel d has been demonstrated in be-
havioral experiments . Also , va r i ous 11 arine 
and freshwate r mud oacter i a are endowed with 
permanent magne t i c dipo l e mome nts, directed 
pa ra l l e l to the axis of motility. When 
separated from the sediments, these bacteria 
return to the mud by mi gra ti ng downward 
along the eartn' s incl i ned magnetic field 
lines . Tneir orientatio~ is largely deter-
mi ned oy tne principles of stat isti cal 
mecnanics and may be expressed in t erms of 
the directive magnetic force, the randomiz-
ing effect of thermal agitation, and the 
cells ' flagellar thrust . Observa ti ons on 
live bacter i a yield indivi dual dipole 
momen t s circa 15 x kT/gauss. 
In Press: IEEE Transactions on 
Magnetics , January 1981 . 
Supported by : ONR Contract N00014-
79-C-007 1 NR083 -004 . 
AN ELECTRONIC SIMULATI ON UF MUVING P~EY 
Adrianus J. Ka lmijn and Mat t hew d. Wei nger 
In order to further tne investigati on of 
tne electric sense in elasmobranch fishes, 
an electronic device was deve l oped which 
simulates the bioe lectr i c fi e l ds of moving 
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prey fish . Us i ng primarily CMOS integrated 
circu itry , a digit al control system switches 
a regulated dipole cur r en t along a linear 
array of electrodes, thereby produc ing a 
spatial sequence of prey- si111ulat ing f ields . 
Tne instrument permits contr ol over tne 
position of tne "prey fish ", its speed of 
tr avel (from 1 to 100 Cln/sec) , and the out-
put current strengtn (fro111 1 to 10 IJA) . The 
moving- prey simulator was designed to deter-
Ill i ne wile ther e 1 asmooranc11s orient to the 
prey field and str i ke at their vic tim from a 
distance , or whether they approach gradu-
ally , allowi ng for movements of the target . 
Preliminary r esul t s indi cate that these 
predators, after taking ai m and initi at ing 
t hei r attacks , r efra in from further course 
correct i ons . Thus, the e l ec tri cal prey 
simulator offers the user a va luab le tool to 
s t udy tt1e dynamics of electr ica l prey detec-
tion . 
In Press : Annals of Biomedica l 
Engi neering . 
Supported by: Eppley Foundation ; ONR 
Contract N00014-79 -C- 0071 NR083 - 004; 
and the WHO! Education Proqram. 
A PML!rv11NAKY NuH: 01~ i'l i Gt{ATOt{Y rENDENCIES 
AND DISTRIBUTIONAL PATfE~NS OF ATLANT IC 
BLUtFIN TUNA oASEO ON RECENTLY ACQU IRED 
AND CUMULAT IV E TAGGING ~ESUL T S 
Frank J . Mather, III 
I;nportant recent tagginy resu lts j us tify 
renewed cons iderat i on of migratory tenden-
c ies and d i stributional patterns of Atlanti c 
bl uefin tuna . ·Most r ecent retu rns confirm 
or expand previ ously deduced separate migra-
tory patterns for oluefin tuna i n the 
eas tern and wes tern Atlanti c . Only nine 
tags recovered s i nce 19 70 indicate trans-
atlantic mixing . 
Published in: International Commission 
for the Conservation of At l ant ic 
Tunas, Col l ect ive Volume of Sc ient ifi c 
Papers, Vol. IX (SCRS 1979 ), Madrid, 
IV 1980 , 478-490 . 
Supported by: The Sport Fish i ng Inst i tute 
Inst i tute; NMFS Contract 03 -7-042-
35110; and WHOI. 
NOTE ON RELATIONSHIP BET~EEN RECENTLY 
ACQU IRED MARK RECAPTURE DATA ANU EXISTING 
AGE ESTIMATES FOR ATLANTIC BLUEFIN TU NA 
FranK J . t'latner, III 
Recent tag returns from Atlant ic bluef in 
tuna ex t end availab le mark-recapture data 
from less than 10 years to 14 years . 
Lengths for age at recapture based on known 
or estimated ages at release and times at 
liberty are in reasonable agreement with 
existing length for age estimates based on 
studies of hard parts and analyses of mark-
recapture data. A length assymptote of 314 
em and maximum age of about XXX seem reason-
able. 
Published in: International Commission 
for the Conservation of Atlantic 
Tu nas, Collective Volume of Scientific 
Papers, Vol. IX (SCRS 1979), Madrid, 
IV 1980, 470-477 . 
Supported by: The Sport Fishino 
Institute; NMFS Contracts 03- 7-042-
35110 and Ol -8- Dl3-163; and WHOI. 
M I C R 0 B I 0 L 0 G Y 
SOUTH-SEEKING MAGNETOTACTIC BACTERIA 
IN THE SOUTHERN HEMISPHERE 
Richard P. BlaKe1nore , Richard B. Frankel 
and Ad rianus J . Kalmijn 
Bacter ia from aquatic environments in 
New Zealand and Australia orient in the 
eartn ' s magnetic fie l d, and when separated 
from the substrate sw i m along magnetic field 
lines to the south . They contain electron-
dense particles arranged in straight or 
slightly curved intracytoplasmic chains. 
Each cell is endowed with a single-domain 
magnetic dipole moment. Thus, these bac-
teria are similar to magnetic bacteria in 
the Northern Hemisphere with the striking 
exception of their reversed polarity. Co n-
sequently , both Northern and Southern Hemi -
sphere magnetic bacteria observed to date 
swim downward oy sv1irnming along the earth ' s 
inclined magnetic field lines . 
Published in : Nature 286: 384-385. 
Supported by: The National r,eographic 
Society and ONR Contract N00014-79-
C-007 l NR083 -004. 
ASSIMILATORY SULFUR METASOLISM I~ MARINE 
MICROORGANISMS : A NOVEL SULFATE TRANSPORT 
SYSTEM IN Alteromonas luteo-v1olaceus 
Russell L. Cuhel , Craig D. Taylor 
and Holger W. Jannasch 
The sulfate transport system of 
Alteromonas luteo-violaceus has several 
characteristics s imilar to previously re-
ported sys tems ; i. e . , size-selective compe-
titive inhibition by su l fate analogs , depen-
dence on energy coupling , and derepress i on 
of transport capacity by sulfur starvation . 
Sulfate transport obeys t~ichael is -Menten 
kinetics with a re l atively hiqh Km of 
186 uM and a Vmax of 146 pMoles S/108 
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cells/minute . Non- li near sulfate uptake 
characteristic of feedback inhibition by 
sulfate metabolites is observed at high 
sulfate concentrations. The syst~n i s 
unusually insensitive to inhibition by 
thiosulfate and pHMB, suggesting that a 
sulfhydry l group is not invo l ved in the 
transport process . Growth on cysteine and 
glutathione as the sole source of sulfur 
effective ly represses sulfate transport 
capacity , whereas growth on methionine de-
represses the system . Subsequent sulfur 
starvation of cultures grown on all organic 
sulfur sources results in derepression of 
transport capacity. The absence of growth 
with thio~ulfate as the sole source of sul -
fur and weak inhibition of sulfate t ransport 
by thiosulfate and pHMB distinguish th is 
from all previous ly reported su lfate trans-
port systems . 
Supported by : NSF Grants OCE77-
12172 and OCE79-19178. 
ASSIMILATORY SULFUR METAaOL ISM IN MARINE 
MICROORGANISMS : THE SULFATE AND 
TH IOSULFATE TR ANSPORT SYSTEM OF 
Pseudomonas halodurans 
Russell L. Cuhe l, Craig D. Taylor 
and Ho lger W. Jannasch 
The uptake kinetics of sulfate and thio-
su lfate by a mar i ne bacterium , Pseudomonas 
halodurans , were studied with respect to 
1nhibition by sulfate analogs, energy-dissi-
pating agents, and the su lfhydry l reagent 
pHMB . Derepression of transport capacity 
resulting from growth on organic sulfur com-
pounds and/or sulfur starvation wa s also 
investi gated . 
The transport capacity for both sulfate 
and thiosulfate is derepressed by sulfur 
starvation. Uptake of both compounds i s 
competitively inhibited by the sulfate ana-
logs ~ro4 -2, Seo4-2, and Mo04- 2 i n an order of 
effectiveness inversely proportiona l to the 
molecu lar weight of the analog. Furthermore, 
the two inorganic sulfur compounds mutually 
compete with each other for uptake . Tne 
Ki ' for thiosulfate inhibition of sulfate 
uptake, 12. 6 + 1.9 uM, is virtually the same 
as the Km for-thiosulfate uptake, 14 . 7 + 
1.5 uM . Both compounds are taken up with 
the same pattern of inhioition in the 
presence of tne uncouplers CCCP and 2,4-DNP, 
the respiratory poison NaN3, and in the 
absence of an energy source. Tne ATP-ase 
inhibitor DCCU is ineffective in reduc ing 
transport rates of either compound . Su l fate 
uptake is rapidly and comp letely blocked oy 
pHMB, and this effect is partially revers-
ible by tne addition of the reducing agent 
OTT . Derepression of botn t ransport syst~ns 
is pronounced when the organism is grown on 
cyst(e)ine, methionine, or gl~tathione as 
the sole sulfur source. Further derepres-
sion is observed during subsequent sulfur 
starvation of cultures grown on cyst(e)ine 
or methionine . 
Supported by: NSF Grants OCE77-
12172 and OCE79-l9178. 
IN SITU INCUrlATION EXPEKIMENTS MEASUKING 
THE METABOLISM OF DEEP-SEA AMPHIPODS AND 
THE IR MICROBIAL GUT FLORA 
Holger W. Jannasch, Russell L. Cuhel, 
Carl 0. Wirsen and Craig D. Taylor 
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A technique has been deve loped and 
field-tested for the trapping, feeding , and 
timed incubation of amphipods on the deep-sea 
floor. Data obtained from experiments using 
radiolabeled foodstuffs indicate that shifts 
within the labe led fractions of the major 
biological po lymers make it possible to 
distinguish between the metabolism of the 
amphipods and that of their intestinal 
microflora. 
Published in : Deep-Sea Research 27: 
867-872. 
Supported by: NSF Grant OCE79-19178 
and ONR Contract N00014-79-C-
0071 NR083-004. 
MORPHOLOGICAL SURVEY OF MICKOoiAL MATS 
NEAR DEEP- SEA THERMAL VENTS 
Holger W. Jannasch and Carl 0. Wirsen 
A microscopic survey is presented of the 
most common ly obser ved and morphologically 
conspicuous microorganisms found attached to 
natura l surfaces or to artificial mater i als 
deposited in the immed iate vicinity of 
thermal submar i ne vents at the Galapagos 
Rift ocean spreading zone at a depth of 2550 
meters. Of special interest were the fol-
lowing findi ngs: (a) all surfaces intermit-
tently exposed to H2S-containing hydro-
thermic fluid are covered by layers , ca. 5 
to 10 llm thick, of procaryotic , gram nega-
tive cells i nterspaced with amorphous metal 
(Mn/Fe) deposits, (b) although some of the 
cells are encased by dense metal deposits, 
there is l ittle apparent corr elation between 
metal deposition and the occurrence of 
microbial mats, (c) high ly differentiated 
forms appear to be analogous of certain 
cyanobacteria , (d) isolates from massive 
mats of a prosthecate bacterium can be iden-
tified as Hyphomicrobium, (e) intracellular 
membrane systems simi lar to those found in 
methanotrophic and nitrifying bacteria are 
observed in approximately 20% of the cells 
composing the mats, (f) thiosulfate enrich-
ments made from mat material resulted in 
isolations of ob l igately and facultatively 
chemo l ithotrophic sulfur-oxid i zing bacteria 
of the genera Thiomicrosp i ra and Thiobaci l-
lus respective y. 
In Press: Applied and Environmenta l 
Microbiology, Vol. 41. 
Supported by : NSF Grants OCE77-
19766, OCE78-10457 and OCE79-l9178. 
STUDIES ON THE MI CKOrliAL TURNOVER OF 
ORGANIC SUBSTRATES IN UEEP SEA SEDIMENTS 
Holger W. Jannasch and Carl 0. Wirsen 
A techn i que is described for measuring 
the microb i al in situ transformation of 
radiolabe led organic substrates into C02 
and cell material in deep sea sediments us-
i ng Na-l4C- acetate as an example . The 
applicat i on of relatively inexpensive, free-
falling and retrievable tripods makes this 
approach useful for the study of different 
microbial conversions in a wide variety of 
sediments at any ocean depth. 
Published in: Actes des Colloques de 
C.N.R.S. 293: 289-294. 
Supported by : NSF Grant OCE79 - 19178 
and ONR Contract N00014- 79-C-0071 
NR083-004. 
PURIFICATION AND PROPERTIES OF AROMATIC 
AMINO ACID AMINOTRANSFERASE FROM 
Klebsiella aerogenes 
C. Gregory Paris and Boris Magasanik 
This paper describes the complete puri-
fication of aromatic aminotransferase I, the 
enzyme respons i ble for the ability of 
Klebsiella aerogenes to use tryptophan and 
phenylalanine as sole sources of nitrogen, 
as we ll as the partial purification of aro-
matic aminotransferase IV. Examination of 
the properties of these enzymes revealed 
aminotransferase I to have much greater 
affinity for the aromatic amino acids than 
aminotransferase IV, explaining the essen-
tial ro le of aminotransferase I in the 
utilization of exogenously supplied aromatic 
amino acids. The properties of aminotrans-
ferase IV suggest that this enzyme is 
actua l ly an aspartate aminotransferase (EC. 
2.6 1. 1), corresponding to the product of 
aspC gene of Escherichia coli . 
B-1 4 
Supported by: Nat i ona l Institute of 
General Medical Sc i ences (GM- 07446) ; 
The Nationa l Inst itute of Arthri tis, 
Metabolism and Digestive Di sease 
(AM-138g4); and NSF Grant PCM78-08576 . 
THE METABOLISM OF TRYPTOPHAN I N 
Klebs i el la aerogenes: REGULATION OF THE 
UTIL IZATION OF AROMATIC AM I NO AC IDS AS 
SOURC ES OF NITROGEN 
C. Gregory Paris and Boris Magasanik 
Klebsiel l a aerogenes was found to ut i l-
ize aromatic acids as so le sou r ces of ni tro-
gen but not as sole sources of carbon. 
Klebsiella abs tracted the a-amino group of 
these compounds by t ransaminat io, and ex-
creted the arylpyruvate into the medium. 
Wh en trypophan was utilized as sole source 
of nitrogen by Klebsiel l a, indolepyruvate 
was excreted into the medium, where it poly-
mer ized non-enzymatically to fo rm a brick-
r ed pigment. 
At leas t four separ ate nr omat ic am i no-
transferase (AAT) activities were found in 
Klebsiella. One act i vity (AAT-I ) appeared 
to oe solely r esponsiole fo r the mninotrans-
ferase react i on necessary for the growth of 
Klebsiel l a with tryptophan as source of 
ni trogen; its loss by mutation (tut) pre-
vented the gr owt h of the ce l l on~i s and 
other aromatic ac ids . None of the othe r 
aminotransferase activities in the ce l l 
could substitute fo r AAT-I in this regard. 
Tryptophan-dependent pigment fo rmat i on 
i n Klebsie l la was positively control led by 
the intrace l lular level of the enzyme gl uta-
mi ne synthetase. Neverthe less , the aromat i c 
aminotransferase activity in the cell var ied 
less than 2-fold in response to 10-fo ld or 
gr eat er changes in the levels of glutami ne 
syn thetase. Glutamine synthetase was shown 
to aff ect the ability of the ce ll s to take 
up tryptophan from t he med i um. The expres-
sion of this activity did not requ ire induc-
tion oy tryptophan, but r ose in response to 
an inc rease in the level of glutamine syn-
thetase. 
Supported by : Nat i onal In sti tu te of 
General Medical Sciences (GM-07446); 
The National Institute of Arthritis, 
Metabolism and Digestive Disease 
(AM- 138g4); and NSF Grant PCM78-08576. 
PROCA~YOTES AND THE IR HAdiTATS 
Hans G. Schlege l and Holger W. Jannasc h 
A general i ntroduction to microbial 
eco logy f or the handbook The Procaryotes , 
M. P. Starr e t al ., edi t ors. 
In Press : Springer- Verlag, Berl i n. 
Supported by : NSF Grant s OCE78-
l 0457 and OCE7g-lgl78. 
TECHN IQUE FOR THE SIMULTANEOUS 
DETERMINATION OF (35s) SULF IDE AND 
( 14c) CARBON DIOXIDE IN ANAEROB IC 
- AQUEO US SAMPLES 
Craig D. Taylor, Per 0. Ljungdahl 
and John J. Molongoski 
A tech nique was developed fo r the simul-
taneous determination of (35s) sulfide and 
(l4c) carbon dioxide produced in anaerobic 
aqueous samp les dual -labeled with (35s) 
su l fate and a l 4C-organic substrate . The 
method involved the passive dist ill ation of 
sulfide and car bon d ioxide from an ac id i fied 
water sampl e and the subsequent separat i on 
of rad iolabe l ed hydroge n sulfide and carbon 
dioxide from each other by select i ve chemi-
cal absorpt ion . The recovery of sulfide 
remained constan t at g3% for amounts ranging 
from 0.35 to 50 ~~moles . The effic i ency of 
r ecovery of carbon d ioxide was gg% for 
amounts up to 20 11moles. Withi n these 
delineated ranges of t ota l sul f ide and car-
bon d ioxide , 1 nmole of (35s) su lfi de and 
7.5 nmoles of (l4C) car bon diox i de were 
separted and quantified in an artific i al 
sea water medium labeled with high levels of 
(35S) sulfat e and sodium (U-l4C) lactate. 
Correction factors wer e formu lated f or low 
l eve l s of radioisotopic cross contamination 
by sulfide , carbon dioxide , and volat il e 
organi c ac ids. The overall standard error 
of the method was + 4% for sulfide and + 6% 
for carbon dioxide~ 
In Press : App li ed and Environmental 
Mi crob iology . 
Su pport ed by: NOAA, Off i ce of Sea 
Grant, Grant 04-8-MOl-149; and 
NSF Grants OCE78- 2027g and 
OCE7g- 19264 . 
OEEP- SEA PRIMARY PRODUCTION AT THE 
GALAPAGOS HYDROTHERMAL VENTS 
David M. Karl, Car l 0. Wirsen 
and Holger W. Jannasch 
Dense an imal popu la tions surr ound i ng 
r ecently discovered hydrothermal vents at 
the Galapagos Rift sea floor spreading cen-
ter , 2550 m deep, are suggested to be sus-
tained by micr obial pr imary produc t ion. 
Energy in the form of geothermically reduced 
sulfur compounds emi tted from the vents is 
li berated du ring oxidation and concomitant 
reduction of C02 t o organic matter by 
chemosynthetic bacteria. 
Publi shed in : Science 207 : 1345-1347 . 
Supported by: NSF Gra nts OCE77-
19766 and OCE78-1 0457 . 
PKOCARYOTIC CELLS IN THE HYDROTHERMAL 
VENT TU BE WORM KIFTI A PACHYPTILA JONES : 
POSSIBLE CHEMOAUTOTROP HI C SYMH IO NTS 
Colleen M. Cavanaugn , Steve L. Gardiner, 
Mered itn L. Jones, Holger W. Jannasch 
and Joh n B. Wateroury 
The existence of a symbiotic association 
between vest imentiferan tube worms fr om 
deep-sea hydrothermal ve nts and chemoauto-
trophic sulfur-oxid i zing procaryotes, based 
on histological and enzymat i c evidence, is 
su ggested. 
Supported by: NSF Grants OCE78-
10457 and OCE78-25647 
P H Y S I 0 L 0 G Y 
INTERNAL WIN DS IN WATER LI LIES : 
AN ADAPTATION FOR LIF E IN 
ANAEROBIC SEDIMENTS 
John W. H. Dacey 
The ne t wor k of internal gas spaces in 
the yellow water li l y constitutes a pressur-
ized flow-through system which forces oxygen 
to the roots and rhizome buried in the 
anaerobic sediment. By the pure ly physica l 
processes of thermal transpiration and 
hygrometric pressure, severa l li ters of air 
per day enter the young, newly emerged 
leaves of Nuphar luteum against a small 
pressure gradient. Thi s air moves en masse 
down the petioles of the young leaves (at 
rates up to 50 centimeters per minute) to 
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the rhizome , forc i ng a simultaneous flow of 
gas (ri ch in ca rbon dioxide) from the rhizome 
up the petioles of the older emeraent l eaves 
to the atmosphere. The venti l ation sys tem 
has importa nt physiologica l and ecoloqical 
consequences . 
Published in: Science 210, 
November 1980. 
Su pported by: NSF Grant DEB78-
05321 . 
FREE AND FORCED OIVING IN BIKDS 
John W. Kanwisher , Ge ir Gabrielson 
and Nancy Kanwi sher 
We r eport here heart rate measurements 
during free and forced div i ng on two aquatic 
bird spec ies. One, the douole crested cor-
1norant (Pha lacrocorax auri t us} , i s a true 
diver. The other , the Canada-goose (Hranta 
canadensis) , i s an underwater feeder 1n 
shallow water . 
We found that when t hey dove vo luntari ly 
they showed no bradycard ia. When the same 
birds were forcibly he ld underwater there 
was a rap id drop in heart rate to well be low 
tne bi rds ' r esti ng level . This indi cates 
that there may be a large emo ti ona l compon-
ent in the heart rate records from previous 
diving studies where restrained animals were 
invo luntari ly submerged. 
Published in: Science 211: 717-719, 
1981 . 
Supported by : WHO! . 
EFFECTS OF PKONASE ON THE DE VELOPMENT 
OF REVERSED SYMMETRY AND DUPLICAT IONS 
IN THE SEA UKCHIN , Arb ac ia punctu l ata 
Nancy H. Marcus 
Pre- c l eavage zygotes of tne sea urchin, 
Arbac i a punc tul ata , were exposed to Pr onase . 
These treated embryos and non-treated con-
trol larvae were reared through metamorpho-
s i s . Al l control larvae deve loped normal 
rudiments from the left coelom and associ -
ated structures . On the other hana , many of 
the plutei whi ch had oeen exposed t o Pronase 
t1ad developed r eversed symmetry (i . e ., a 
r udiment on the ri ght s ide ) or a ruoiment on 
botn the r igh t and tne left s ides . Tne 
sign ifi cance of these results i n regard to 
controls of spatial patterning are discussed 
in terms of gradients of morphogenetic 
determinant s , cell surface properties , 
adhesiveness , and ce ll death . 
In Press : Devel opmental Biol oqy . 
Supported by : NSF Grant PCM78 -16275 . 
SI TUS INVERSUS IN LABORATORY REARED 
SEA URCHINS 
Nancy H. Marcus 
Larva l sea urchins expres sing normal 
(left) and r eversed (r i gh t ) s~wnetry were 
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reared through metamorphosis . Internal 
examination of these animals after e i ght 
months revealed that norma l plute i develop 
in to urchins expressing typical coiling of 
the digestive tract , whereas urchins derived 
fr om reversed plutei possess a diges ti ve 
tract coiled in the reverse direction. 
In Press : International Journal of 
Inve rtebrate Reproduction . 
Suppor ted by: NSF Grant PCM78-l6275 . 
POLYNUCLEAR AROMAT IC HYDROCARBONS AND 
THEI~ META~OLISM IN THE MA~ I NE ENVIRONMENT 
John J. Stegeman 
This chapter conta in s 1) a summary of 
current knowledge on the sources and biD-
availability of polynuclear aromat ic hydro-
carbons (PAH) in aquatic , espec ially mar i ne , 
environments and 2) a cr iti ca l examination 
of mechanisms i nvo lved in metabolism and 
effects of PAH in aquat i c anima l s . A criti-
ca l poi nt of interact ion between PAH and 
the biota involves t he transformation of 
these compounds by hepatic and ex t rahepatic 
cytochrome P-450 depe ndent monoxygenase 
systems . In many respects these systems in 
aquatic species are qua l itatively simi l ar to 
monooxygenase systems in mammals , which ar e 
much better known . However , the apparent 
diversity of these systems i n diff eren t 
spec i es or strains of aquatic species is as 
great as that found i n mammals . PAH and 
compounds wi th simi l ar action in mammals are 
very effective inducers of cytochromes 
Pl - 450 in fish , although responses within 
a given spec i es are often incons i stent . 
Temperature, sex, phannacoKinetic factors 
and possio ly prior induction can s i gnifi-
cantly inf l uence the observed response . 
Un li ke most terrestr i al spec i es , there is no 
convincing evidence for a response to 
i nducers of the barb i turate class in fish. 
These anima l s may have genetical ly limited 
capacity t o respon d to such compounds, pos-
sib ly a result of evo l ution in a mil i eu of 
natural chem i ca l s different from that on 
l and . 
Patterns of in vitro metabolism of a 
model carcinogenic PAH , benzo(a)pyrene , have 
been studied in a number of fish and inver-
tebrate spec ies. Most teleosts , regardless 
of experimental treatment, are very active 
at forming benzo-ring dials of B(a)P, a 
pathway leading to the active carcinogenic 
metabolite. In mamma l s metabolism at the 
benzo-ring is characterist i c of PAH-induced 
cytochr omes Pl - 450 . Some untreated fisll 
are quite eff i cient at ac t iva ting PAH to 
mutagenic derivatives , while others possess 
th i s capacity only after induct ion. How-
ever , tumorigenesis s tudies have thus far 
pr ovided only a s ingle clear- cut exampl e of 
PAH-induced carcinogenesis in fish . There 
is emp ir ical ev idence to s uggest t nat 
character i sti cs of monoxygenases in fish 
might se r ve to i nd i cate eff ec t s of env i ron-
ment al con t am inants like PAH, but necroti c 
effec t s , the action of nat ural products, 
genet ic variab ility , and di sease states 
cou ld hinder i nterpretat ion of data . Never-
t he l ess , if ce rtain character istics , such as 
the action of selected in vitro inhibitors, 
can be shown to be specific to induced cyto-
chromes P- 450 in fish , then the evidence in 
nand suggests that biochemically significant 
doses of i nducers , possibly PAH or PCBs, are 
widespread in the marine envi ronment , even 
in the deep sea . It is important that re-
search continue on the metabolism and 
effects of carci nogenic PAH and other pol-
lutants in the sea, whence we get f ood , com-
merc i al goods and medicinals, not to mention 
research materials . 
In Press : Polycyclic Hydrocarbons and 
Cancer, Vo lume 3, Academic Press. 
Support ed by: NSF Grant OCE77- 245 17. 
THE METABOL ISM OF a-NAPHTHOFLAVONE dY 
HEPATIC MICROSOMES FKOM THE MARINt ~ISH 
Stenotomus vers1co lor 
John J. Stegeman and Bruce R. Woodin 
Incubation of a-naphthoflavone with fish 
(scup ; Stenotomus versicolor) liver micro-
somes and NADPR resulted 1n the production 
of a major component and severa l minor com-
ponents analyzed by high pressure liqu id 
chromatography . The appearance of these 
components was dependent on time, nat i ve 
prote i n, NADPH , and 02 and was strong ly 
inhib ited by carbon monoxide. The appear-
an ce of a maj or component wa s abolis hed by 
addi t ion of the epox ide hydrase inhibitor 
trichloropropene ox ide. Mass spectral 
ana lysis of t he major component yielded a 
molec ular weight of 306 . The result s 
strongly i ndicate tnat a-naphtnoflavone i s 
~netabolized by scup 11epatic 10icrosomal 
1nixed-funct ion oxygenases and epoxide 
hydrase and that the major product i s a 
dihydrodiol. 
Published in : Biochem ical and Biophysi-
ca l Research Communications, Vol. 95, 
328-333,1980 . 
Supported by: NSF Grant OCE77-24517 . 
MIXED-FUNCTION OXYGENASE ACTIVITY AND 
BENZO(A)PYRENE METABOL ISM IN THE BARNACLE 
Ba l anus ebu r neus (CRUSTAC EA: CIRRIPEDIA) 
John J. Stegeman and Heidi B. Kap lan 
1. Microsomal cytochrome P-450-depend-
ent mixed-fun cti on oxygenase activ i t i es were 
observed i n digestive gl and, i ntest ine, 
cirri , and gonad of the cirriped cr ustacean 
{barnacle) Bal anus eburneus. 
2. Levels of the microsomal electron 
transpor t components cytochrome P-450, cyto-
chrome b5, NADPH-cytochrome c reductase 
and NADH- cytochrome c r eductase in Ba lanus 
eburneus were lower t han found in verteb rate 
li ver , but l ike those seen in some decapod 
crustaceans . 
3. The levels of benzo(a)pyrene 
hydroxylase activity were maximal at pH 7.5 
and at temperatures between 15• and 3o·c. 
Maximal activities ranged between 2 and 43 
picomole 3-hydroxybenzo(a)pyrene min/mg 
microsomal protei n as measured with a 
fluorescence assay. Acti vit i es were hi gher 
in summe r than in winter. 
4. Substrate saturation curves obtained 
for benzo (a) pyrene were hyperbolic, with 
none of the comp lexity seen in vert ebrates. 
The Kms for benzo( a )pyrene metabo li sm in 
diges ti ve gland and intest ine were 6- 7 x 
l0- 7 M. 
5. Compounds eluting with 3-hydroxy-
benzo(a)pyrene in HP LC analyses const i t uted 
almost 60% of metabolites formed by barnac le 
digestive gland mi cr osomes. 9-hydroxybenz o 
(a)pyrene , 7,8-d ihydr od iol and 9, 10-d ihydro-
dio l were formed more s lowly . 
6. Benzo(a)pyrene hydroxylase activ i ty 
in tissue microsomes f r om untreated animals 
was inhioited more than 50% by 10-4M 7,8-
benzoflavone. 
7. Cytochromes P-450 in barnacl es mig ht 
be funct ionall y related to the st atus of 
hormones ·regulat ing development and re pro-
duction. 
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Published in: Comparative Biochemistry 
and Phys i ol ogy, Vol. 68C, 55-61, 1981. 
Su pported by : NSF Grants OCE76-
84416 and OCE77 -24517 , and the 
Ocean Industries Program of WHO! . 
P H Y T 0 P L A N K T 0 N 
DISTKi oUTION OF THE TOXIC RED TIDE 
DINOF LAGELLATE Gonyaulax tamarensis 
IN THE SOUTHERN NEW ENGLAND REGION 
Donald M. Anderson, David M. Kulis, 
J.A. Orphanos and A.R. Ceurvels 
Based on the presence or absence of 
cysts i n sediment samples from selected 
estuarine and coastal locat ions in southern 
New England and Long Is l and, a popu lat i on 
distribution can be descr i bed f or the toxic 
dinof l age l late Gonyau lax tamarensis Lebour. 
Thi s dist r ibut ion 1s strongly 1ntluenced by 
hydrography , topography , and shorel ine con-
f i gur ati on, with cysts found predom i nantly 
offshore in the Cape An n and Massachusett s 
Bay r egions , bu t only within estuari ne 
embayment s on Cape Cod . Cysts morphologi-
cally identical to G. t amarens i s were al so 
fo und i n two isolated embayments in Connec-
ticut and Long Island , both areas hi st ori -
cally free of paralyti c shellfi sh poi soninq 
(PSP) . Al though ava ilable information s ug-
gests that a mass i ve coastal bl oom of G. 
tamarensis in 1972 intr oduced t he tox ic 
organ1sm t o previously un affected estuaries 
in southern New England, the existence of 
localized popu lations within the region 
pr ior to that date cannot be di scoun ted. 
These data sugges t different mechanisms 
for the ini tiat ion and development of t he G. 
tamarensis popu lations respons i ble for -
she ll fish toxicity i n the study area. Where 
cysts on Cape Cod are f ound in close proxim-
ity to the affected estuarine shellfish, 
other areas in the r egion are ap parently 
subj ect to moti le populations originating 
further afield. The extreme localization of 
cysts on Cape Cod (the southern limit of the 
region subject to documented PSP outbreaks) 
has remained essentiall y unchanged over a 
t hree year per i od , desp i te recurrent blooms 
of G. tamarensis . Thi s patchy distribution 
of cysts and moti l e cells may reflect phys i-
cal and chemical constra i nts or may simply 
be a manifestation of relatively recent 
"colonization". 
Supported by : NOAA , Office of Sea 
Grant, Grants NA79AA-D- 00102, 
NA80AA- D- 00077 , 04- 7- 58- 44079 and 
NA79AA- D- 00096; Internationa l 
Copper Researc h Association Project 
307 ; and the Ocean Indust r ies 
Program of WHO!. 
GENETIC VARIAa iLITY AND SPATIAL PATTERNS 
OF GENETIC DIFFEREN TIATION IN THE 
REPRODUCTION ~ATES OF TH E MARINE 
COCCOLITHOPHORES Em1 l1 arn a nux ley1 AND 
Gephyrocapsa ocP.anica 
B- lR 
Lar ry E. Brand 
Tne accl imated reproduc t ion rates of 73 
clones of Em i l iani a nuxleyi and 19 clones of 
Gephyr ocapsa oceanica were me asured. Sta-
t istically s ignificant genetic variab ili ty 
in reproduction rates was found among c lones 
fr om si ng le water bott l es in both spec ies. 
Genetic di fferentiat i on was found between 
popul at ions from di fferent water masses , but 
not with in wa ter masses. The s patia l pat-
terns of genet i c di fferent i ation appear to 
be diff erent i n the two species . 
Su ppor t ed by: NSF Grants OCE??-
10876, OCE78-08858 and OCE?g-03621. 
GENETIC VARIAB ILITY IN REPRODUCTION RATES 
IN MARINE PHYTOPLANKTON POPULAT IONS 
Larry E. Brand 
The acclimated reproduction rates of 
numerous c lones of s i x marine phytop l ankton 
spe~ i es were measured to determi ne the 
amount of genetic var i ab ili ty in reproduc-
tion r ates i n natural phytopl ankto n popu la-
tions. The amou nt of genet ic variab i lity 
among clones of a spec i es f r om si ngl e water 
bott les ranged f r om 3 to 13% (coeff i ci ent of 
variation) . Populations from estuar ies 
(Gonyaulax tamarensis), coastal waters 
(Prorocentrum micans) , and the Sargasso Sea 
(Emil i an i a hux leyi, Gephyrocapsa oceanica , 
Cyclococcolith i na leptopora , and Dissodinium 
lunula) were exami ned. No relationsn1 p was 
found between the amo un t of genetic var i -
ab i li t y in the populat i ons and t he apparen t 
vari ability or predictability of the ir 
envi r onments. 
In Press : Evolut i on . 
Supported by: NSF Gra nts OCE77 -
10876, OCE78- 08858 and OCE79-03621. 
GENETIC VAR I A~ I LI T Y AND DIF FERENTIATION IN 
THE TEMPERATURE NICHE COMrONENT OF THE 
DIATOM Thalass iosira pseudonana 
Larry E. Brand, Lynda S. Murphy , 
Robe rt R. L. Gu il lard and Hseuh-tze Lee 
The accl imated reproduction rate of 14 
clones of the di atom Tnalassiosira pseudo-
nana were measured at 12 , 16, 20 and 24 C. 
Statis t ically s i gni f icant ge netic variab ility 
was obser ved among clones wi th i n a s ing le 
water bot tle population . The major genet i c 
differentiati on was oetween neritic and 
oceani c popu lations . Surpr i si ngly small 
genetic differences were observed among 
clones from nerit i c waters around t he wor l d. 
In Press : Marine Biology. 
Suppor ted by : NSF Grants OCE77-
10876, OCE78- 08858 and OCE79-03621 . 
THE EFF ECTS OF CONTINUOUS LIGHT AND LIGHT 
INTENSITY ON THE REPRODUCTION RATES OF 
TWENTY-TWO SPECIES OF MAR INE PHYTOPLANKTON 
Larry E. Brand and Robe rt R. L. Gui llar d 
The acclimated reproduction rates of 
twenty-two species of mari ne phytop l ankton 
were measured at 0 .01 , 0. 023 , 0.1, and 
0.23 ly/min i n con tinuous l i ght and i n a 
14 :1 0 hr l i gh t :dark cycle. Th r ee species 
t hat reproduced exponent ially at al l fo ur 
l i gh t intensit i es in the 14 : 10 LD regime did 
not reproduce at all i n continuous l i ght at 
any of t he l ight in tensi t ies . One species, 
wh i ch reproduced at the two lowest li ght 
intensities in tne 14 :1 0 LO r egime , failed 
to r eproduce at all in continuous l i gh t at 
any l ignt i nt ens ity examined. Seven spec i es 
reproduced more slowly in con tinuous l ight 
than in t he 14:1 0 LD regime at most or al l 
l i ght intensi ti es. Four species reprod uced 
at rough ly the same rate i n both light 
regimes. Five species reproduced more 
rapidly in continuo us l i ght. 
No gener al phylogenetic trend could be 
d i scerned f r om the r esponses of t he spec i es 
to the diff erent l i ght in tensities or to 
continuo us li gh t. In ge neral , species from 
coast al regio ns can repr od uce as rapi dly or 
more r ap idly in continuous light than in a 
14 : 10 LD cycle whi le most spec ies from 
ocean ic regions are harmed by cont inuous 
light. A phylogenetic tre nd in maximum 
potentia l r eproduction r ate is apparent , 
wi t h diatoms bei ng the fastest , dinoflagel-
l ates the slowest , and coccolithophores 
somewh at i ntermed iat e. 
In Press: Journal of Experimental 
Marine Biol oqy and Ecol oqy . 
Supported by: NSF Grant s OCE78-
08858 and OCE79-03621. 
A METHOD FOR THE RAPID AND PREC ISE 
DETERMINATION OF ACCLIMATED PHYTOPLANKTON 
REPRODUCT ION RATES 
Lar ry E. Brand , Robert R. L. Gu il l ard 
and Lynda S. Murphy 
A r apid method f or meas ur ing, s imultane-
ous ly, the asexual reproduction rates of 
hundreds of phytopl ankton cu ltures i s 
descr i bed . Thi s met hod is based on t he 
da ily measu rement of i n vi vo chlorophyl l 
fl uorescence read d i rect~n the cultur e 
tubes . Hundreds of t hese cul tu r e tu bes , 
con t ai ning speci ally prepared culture 
med i um , can be mai ntained in i dent ical 
environment s i n spec iall y designed co nstan t 
env i ronment devices. The method is capab le 
of meas ur i ng t he acclimated reproduction 
rates of phytopl ankt on cu ltures with an 
erro r of 3- 4% (coeff icient of var i at ion) . 
Comple t e acc li mati on , crucial to the detec-
ti on of small genet ic di fferences between 
clones , t akes one to t hr ee weeks , thus 
.necessitating long-term exper i ments . Stud-
i es us i ng t he met hods descr ibed i ndi cate 
t hat , in a constan t environme nt , coccol i tho-
phores and di nof lage l lat es reproduce at co n-
st ant r ates , but diatoms do not . 
In Press : Jour nal of Plankton Researc h. 
Supported by : NSF Gr an t s OCE77 -
10876 , OCE78- 08858 and OC E79- 03621 . 
PERSISTENCE OF CE LL DIVIS ION PHASING IN 
MARIN E PHYTOP LANK TON IN CONTI NUOUS LIGHT 
AFTER ENTRAINMENT TO LIGHT/DARK CYCLES 
Sallie W. Ch i sholm and Larry E. Brand 
The ce l l div i s ion patterns of 11 species 
of marine phytop l ank t on were ana lyzed in 
cultures maint ained in a 14 : 10 l ight/dar k 
cyc le fo ll owed by th r ee days of continuous 
ill uminat i on. Al l spec i es except t wo diat om 
clones showed "typ ical " phased or synchron-
ized division on the light/dark regime, 
although the ti mi ng of div i s i on relat i ve to 
t he li ght/dark cyc le was var iable . In six 
of the species , the division r hy t hm pe r -
s i sted throughout the t hree days of constant 
light , s ug ges t i ng endogenous contro l . In 
others, it either damped out after one day , 
or , in the case of the two diatoms , was 
never evident. 
Persis t ence in constan t cond i tions 
appeared to be correlated with growth rate 
to some extent , but not to taxonom ic group-
ing , or t iming of division on light/dark 
cycles. 
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In Press : Journal of Experimenta l 
Mar ine Biology and Ecology. 
Su pport ed by : NSF Grants OCE77-
08999 and OCE79-03621; Edge r ton Ass i s-
tant Professor sh i p Funds ; and t he 
MIT/WHOI Jo int Program Seed Fu nd . 
COCCOLI THS IN PLEISTOC ENE- HOLOCENE 
NANNOFOSSIL ASSEMBLAGES 
Wa l te r C. Dudley , J. C. Duplessy , 
Pat ri c i a L. Bl ackwe lder, Larry E. ~r and 
and Robert R. L. Guill ard 
Marine pal eot emperature studies are 
i ncreasi ngly using oxygen i sotope analyses 
of t he mi nute calcium carbonate structures 
produced by a gr oup of mar ine phytopl ankton , 
t he cocco l i t hophores. To provide a sound 
exoerimental bas i s fo r pa l eotemperature 
calcul ations using t he isotopic data f r om 
analyses of coccoliths , we have gr own cocco-
lithophores in l aboratory batch culture i n 
control led env ironmental condi t ions , and 
de t ermi ned the oxygen i sotopic compositions 
of the coccol i ths produced at known tempera-
t ures. The r esul ts reported here i ndicate 
that t he oxygen isotopic compos i t ion of t he 
coccol i ths of al l t he species studied i s 
strongly temperature dependent . A ' vi tal 
ef fec t' was obse r ved in all the spec ies , 
wi th the i sotop ic values of di f f erent cul -
tu r e samples fal l i ng in t o t wo defi nite 
groups cont ai ni ng separat e taxa . The dif-
ference in vi t al effec t between di fferent 
species suggests that calcif icat ion pro-
cesses may vary among di fferent t axa and 
i ndicates that a re -eva luat i on of cocco l ith 
oxyqen isotope paleocl imat i c i nt erpreta-
t i ons may be in order. 
Published in : Nature , Vol . 285 . 
Supported by : NSF Postdoctoral 
Researc h Grant; NSF- CNRS US- France 
Exchange Program; and NSF Grants 
OCE77- 10876 and OCE78-09643 . 
CUPR IC ION ACT IVITY AND THE GROWTH OF 
PHYTOPLANKTON CLONES ISOLATED FROM 
DIFFERENT MARINE ENVIRONMENTS 
Jerome Gavis , Robert R. L. Guillard 
and Bon ni e L. Woodward 
The responses to [ cu++J (f r ee cupr ic 
ion activi t y) of 24 clones of 11 species of 
mar i ne phytop lankton in 4 alga l classes we r e 
stud i ed usi ng a Cu-Tr i s buffered med i um and 
a f l uor ometric method of measur i ng accli-
mated growt h rates. The general i zed copper 
response i ncl udes a "pl ateau regio n" in 
which growth rate is unaffected by [cu++] , 
a "threshold value ", a "half plateau value", 
and a "zero growth va l ue" , the ccu ++J at 
which growth is just reduced to zero. 
Severa l different types of response exist, 
of whicn the most characteristic are called 
"one-step" or "two-step", depending upon 
whether the descent from plateau to zero 
growth i s in one continuous s lope or is 
interrupted by a level reg ion. The thresh-
olds for clo nes other than certa i n excep-
tionally res istant ones l ay between pCu = 
9.0 and pCu = 11.5 (pCu =negative logarithm 
of free cupric ion activity) and virtually 
all clones (20 of 24) ceased growth by pCu 
8.5 , the expected maximum [cu++] in equi-
li brium with malachite , the least soluble 
copper compound in seawater . However, 4 
c lones even survived at pCu = 8.5 ; these and 
other comparatively resistant c lones were 
isolated from estuarine waters known or pre-
sumed to be metal polluted. Not all clones 
from the same polluted waters were resis-
tant, however. The highly resistant clones 
should not be used to estab li sh env ironmen-
tal standards, nor for bioassay of copper 
effects in na tural waters. If the high ly 
resistant clones are exc l uded from consider-
ation, then copper responses of nearshore 
isolates and oceanic i so l at es li e in the 
same range, but the oceanic isolates in 
general tended to be somewhat more sensi-
tive, conforming to the idea that organisms 
of more stao le and predictable environments 
are more sensitive to environmental stress. 
The light reg ime (cont inuous , or 14/10 
cycle) under which clones were grown had a 
measurable effect on pCu response, which was 
different for different clones . The tech-
nique described in this study is well suited 
to such factor interaction studies. There 
is a similarity between the pCu response 
curves and published curves for titration 
of negative surface charges of polymer 
molecules and bacteria. This suggests that 
cu ++ acts as a toxic agent by binding to 
the cell surface, decreasing negative sur-
face change and perhaps, as a result , alter-
ing transport systems in cell membranes. 
In Press: Journal of Marine Research. 
Supported by: NSF Grant OCE78- 08858. 
RAPID AMMONIUM UPTAKE BY MARINE 
PHYTOPLANKTON 
Patricia M. Glibert and Joel C. Goldman 
Incorporation of 15N labeled ammonium 
by phytoplankton from Vineyard ~ound , Massa-
chusetts, was rapid in t he first few minutes 
of two hour time course incubations . These 
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results support the hypothesis that phyto-
plankton residing in waters containing l ow 
concentrations of nitrogen may obtain their 
nitrogen nutrition by rapid uptake during 
short-term exposure to nutrient micro-
patches, and illustrate the inadequacy of 
long-term measurements of N-nutrient uptake. 
Precise measurements of short-t erm response 
rates of oceanic phytop lankton will depend 
on the deve lopment of methods to measu re low 
ambient concentrations of NHa and to 
terminate incubation experiments wi thout 
fi l tration. 
In Press : Marine Bioloqy Letters. 
Supported by: NSF Grants OCE79-
19420 and OCE77- 26401 . 
PHYSIOLOGICAL PROCESSES, NUTRIENT 
AVAILABILITY , AND THE CONCEPT OF 
RELATIVE GROWTH RATE IN MARINE 
PHYTOPLANKTON ECOLOGY 
Joe 1 C. Goldman 
Difficult ies in extrapolating results 
from bott l e assays involving standard rate-
measuring incubation methods are becoming 
increas ingly ev ident. We are now faced with 
conflicting opinions regarding the magnitude 
of phytop lankton growth rates in the marine 
environment. One argument in support of 
high growth rates is the fact that the chem-
ical composition of natural phytoplankton 
often is found to be in the "Redfield" pro-
portions of C106 Nl6 P1, and yet these same 
proportions can be achieved in the labora-
tory on ly under conditions of non-nutrient 
limitation . However, changes in the chemi-
ca l composit ion reflect cnanges in growth 
rate relative to a maximum value that is 
controlled by l ight and temperature. Thus , 
the chemical composition of a phytoplankter 
is an indicator of relative growth rate only 
and prov ides no information about abso l ute 
rates. In the f uture to address the ques-
tion of accurately estimating rate processes 
in the marine environment will require the 
deve l opme nt of new and innovative rate 
measurement techniques for bridging the gap 
in scales between our macroscop i c view of 
the oceans and the real world of microbes. 
Published in: "P rimary Production in 
the Sea" (P.G. Falkowski, Ed . ), pp . 
179-194, Plenum Press, NY (lg80) . 
Supported by : NSF Grant OCE79- 19420. 
PHYSIOLOGICAL ASPECTS OF YIELD 
OPTIMIZATION AND SPECIES CONTROL IN 
ALGAL MASS CULTURES 
Joel C. Goldman 
Yield optimization and species control 
are two of the most important determinants 
of success in algal mass culture technology. 
Only by understanding the basic physiologi-
cal responses of different algal species to 
environmental and nutritional growth condi-
tions can algal systems be tailored to per-
form specific functions ranqing from waste-
water treatment to the production of organic 
chemicals such as glycerol, lipids, pigments 
and protein. Overriding any specific appli-
cation of algal mass cultures is the fact 
that wnen light is the main growth limiting 
factor, available sunlight places an upper 
limit on potential productivity, which is 
-30-50 gr dry weight m-2 day-1. Actual 
yields are considerably lower, and may be 
further restricted when certain chemicals 
derived from algal biomass are the desired 
end products. This is because many desired 
chemicals, such as glycerol and lipids, are 
maximum in cellular biomass only under 
stressful conditions (e.g., high salinity, 
nitrogen starvation) that are not compatible 
with peak productivity. It should be pos-
sible, however, to identify the environmen-
tal and physiological conditions required to 
per~nit the maintenance and peak production 
of desired species and their chemical pro-
ducts . Only with this type of information 
can rationale economic evaluations be made 
for comparing large-scale algal cultivation 
systems with alternative processes. 
In Press: The Production and Use of 
Microa lgae Biomass (Edited by G. 
Shelef and C.J . Soeder), Elsevier 
Publishing Company. 
Supported by: SERI Contract XR-9-
8144- l ( in part) . 
INORGANIC CARBON SOUR(ES AND BIOMASS 
REGULATION IN INTENSIVE MICROALGAL CULTURES 
Joel C. Goldman, Mark R. Dennett 
and Carol B. Riley 
Three freshwater and one marine algal 
species were grown under inorganic limita-
tion in laboratory continuous cultures. 
Comparisons were made between HC03 alkalin-
ity and bubbled C02 as carbon sources. HC03 
alkalinity was an excellent source of inor-
ganic carbon below specific pH leve ls, but 
chemical precipitation at high pH placed an 
upper limit on productivity tnat was far 
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lower than potential l ight- limiting levels. 
With bubbled C02 it was possible to achieve 
light limitation. The main factor contro l-
ling productivity was the mass flux of inor-
ganic carbon added to the culture, which is 
the product of gas flow rate and influent Pco2 level. Small bubbles were more efficient 
than large bubbles at low gas flow rates and 
PCO levels, but l ed to froth flotation of 
alg&l cells and concomitant reductions in 
productivity at high bubble rates. At 1% Pco2 productivity was still dependent on mass 
fluxes of added carbon, but was independent 
of bubb le size. At high bubble rates with 
1% Pco2 C02 narcosis was evident . Maximum yields occurred at intermediate dilution 
rates when inorganic carbon was supplied via 
bubbled gas. 
In Press: Biotechnol ogy and 
Bioengineerinq. 
Supported by: SERI Contract XR-9-
8144-1. 
INORGANIC CARBON LIMITATION AND THE 
CHEMICAL COMPOSITION OF TWO FKESHWATER 
GREEN MICROALGAE 
Joel C. Go l dman and Stephen J. Graham 
Two freshwater chlorophytes, Chorella 
vulgaris and Scenedesmus obliguus were grown 
in inorganic carbon-limited continuous cul-
tures in which HC03 was the so le source of 
inorganic carbon. The response of steady-
state growth rate (~) to external total in-
organic carbon concentration was well 
described by the Monod equation; however, 
the response to interna l nutrient concentra-
tion was only moderately well represented by 
the Droop equation when the internal carbon 
concentration was defined on a cellular 
basis, and totally inapplicable when total 
biomass (dry weight) was used to define in-
ternal carbon because the carbon:dry weight 
ratio did not vary over the entire growth 
rate spectrum. In batch cultures maximum 
growth rates were achieved at Pco2levels 
present in atmospheric air and HCO§ concen-
trations of 3 mM. No growth was observed at 
100% C02. Both nitrogen uptake and chlo-
rophyll synthesis were tightly coupled to 
carbon assimilation, as indicated by the 
constant C:N and C:Chl ratios found at all 
growth rates. The main influence of inor-
ganic carbon limitation is not on chemical 
structure of the biomass, but rather on cell 
size:higher values of ~ l ead to bigger 
cells. 
In Press: Applied and Environmental 
Microbioloqy. 
Supported by: DOE Contract OE-AC02-
78ET20604. 
FLAGELLATED PROTOZOANS PREDATORY ON MASS-
CULTUREU Phaeodactylum tricornutum BOHLIN 
Leonard W. Hass 
Three spec i es of flagellated protozoans , 
identified as Paraphysomonas vestita , 
Actinomonas mirabilis and Ciliophyrs marina 
and all predatory on the diatom Phaeodacty-
lum tricornutum , were isolated from the out-
door algal mass-culture ponds of the Env i-
romnental Systems Laboratory at tne Woods 
Hole Oceanographic Institution. P. vest ita 
was responsible for recurrent episodes of 
rapid decimation of the mass cultured algae 
(principally Phaeodactylum sp.) in the 
ponds . Laborato ry experiments investigated 
the effect of temperature (5-30"C) , salinity 
(0-32 Ofoo) , soluble inorganic macronutri -
ents , light availability and food source on 
the growth rate of the protozoans. Of the 
three species, P. vestita showed the widest 
tolerances to the environmental parameters 
tested. Based on these experiments, it is 
proposed that actively photosynthesizing P. 
tricornutum excretes a substance inhibitory 
to the growth of the protozoans . A. 
miraoilis , the most sensitive of the three 
species to this inhibitory effect , was cap-
aole of growth on P. tricornutum in the dark 
but would not grow-on th1s algae in constant 
light except in the presence of the photo-
synthetic inhibitor DCMU . Transfer from 
tne dark to the light stopped growth 
immediately. P. vestita, the least sensi-
tive to this inhioitory effect , was capable 
of growth in both the light and dark, but 
"light" rates were reduced from "dark" rates 
by increasing the liyht duration and/or 
supplying algal nutrients t o the medium. 
The response of C. marina was intermediate 
oetween the two other species. Infestations 
of P. vestita in several of the mass-culture 
pon~s were monitored and it is proposed that 
the abundance of P. vest ita in these ponds 
is regulated primarily by the ability of P. 
tr i cornutum to r emain in an active -
metabolic-photosynthetic state and thus 
capable of producing the inhibitory Jnetabo-
lite. The implications of both metabolite-
mediated and predatory-prey in teract ions for 
algal mass-culture systems and the natural 
environment are discussed. 
Supported by : Jessie Smith Noyes 
Foundation Postdoctoral Fell owship . 
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FORMAT FO~ PHYTOPLANKTON PRO DUC TIVITY 
IN CASCO BAY , MAINE , AND IN TH E SOUTHERN 
SARGASSO SEA 
Edward M. Hul bu rt 
In Casco Bay , Maine, a nearly un i algal 
and abundant population of Skeletonema 
costatum persists throughout July and 
August. The observed concentration of 
Skeletonema and ni trate and the growth 
character1stics of Skeletonema frDn culture 
fit the chemostat equat1ons very well . The 
equat ions when mod ified and their component 
parts r educed to sentences descri be tne 
steady-state popu lati ons of coexisting spe-
cies in the southern Sargasso Sea . 
Al thou gh ' each species concentration is 
limited by its own particular growth capa-
city ' (1nax imum growth rate and Ks) as well 
as by several other factors , 'each species 
concentration is not limited by its own par-
ticular nutrient concentration', because 
there is just one concentration of a given 
nutrient. Further , i f 'there i s some one 
nutrient concentration which is limi t ed by 
the growth capacities of all the species', 
then ' each of tnese growth capacit ies is 
limiting to i ts own particular nutrient con-
centration.' This is to say that the single 
nutrient concentration shou ld be broken down 
into many by the many spec ies , but try 
though they may the act i vi ties of these 
species are undone by mix ing and mo lecul ar 
diffusion . Tnus, no one species with a 
least equilibrium concentration of nutrient 
can get the nutrient down to this , its , con-
centration and compe titively exclude the 
others . The statements witnin single quotes 
compose a format for productivity in the 
Sargasso Sea . 
Supported by: WHOI . 
THE CONTROL OF MARINE PHYTOPLANKTON . 
I. PRODUCTION , CONTROL, AND SELECTION OF 
Skeletonema costatum IN A COASTAL BAY 
Edward M. Hulourt 
1. SKeletonema costatum dominates at low 
nitrate concentrations during summer in 
Casco Bay. 
2. It i s shown by logical considerations 
that nitrate controls Skel etonema , rather 
than the reverse . 
3 . Depletion of nitrate occurs before 
Skeletonema becomes dominant , so Skeletonema 
1s not selected in a competition for n1 t rate 
with the preceding dominant spec ies . Instead 
nitrate directly selects Skeletonema . 
Nitrate is producer, controller, and selec-
tor of Skeletonema. 
4. O' Brien ' s steady stat e equation re-
lating the maximum growth rate and Ks of 
Skeletonema to exchange rate of water of the 
Bay prov1des for the observed average sur-
face nitrate concentration . This is to say 
t hat these inherent characteristics of 
Ske letonema and the Bay control nitrate con-
centration , which in turn controls cell con-
centration. 
5. Nitrate concentration plus the 
separate entity ' capac ity for growth ' (fur-
nished by maximum growth rat e and Ks) 
toge ther control cel ls produced and lost 
from the day - an asymmetric, irreversiole 
scheme because cells produced and lost can-
not control nitrate and capacity for growth 
(wnich is conjoined to cel l s). 
Supported by: WHO I. 
ATTRIBUTES OF THE PLANKTON FLORA AT 
BUSHEHR , IRAN 
Edward M. Hulburt , Farideh Mahmoodian, 
Mary Russel l , Firuzeh Stalcup , 
Shahl a Lalezary and Parviz Amirhor 
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The plankton flora on the northeastern 
coast of the Gulf of Persia cons ists of many 
diatom spec ies , the cocco l ithophores 
Gephyrocapsa oceanica and Coccol ithus 
hyxleyi, and the blue-green alga, Tricho-
desmlum thiebautii . These are prevalent 
throughout the year and always at low con-
centrations, with an average maximum in 
January of 14463 cel l s/ li ter and min imum in 
June of 802/liter . Su ch comparative con-
stancy suggests that the flora has the 
attribute of stability. The individual 
species fluctuate in a patternless, 
uncorrelated manner , so that the flora is 
characterized by the at tribute of unpre-
dictability . The turbidity of the shallow 
water reduces the l i ght so that light is 
usually neither limi ting nor inhibitory . 
There is a small amount of nitrate always 
available and ample phosphate and s ili cate . 
Pure cultu re studies of several species show 
growth from about l2o to 34°. The water was 
34° in August of 1977. The flora ' s respon-
siveness to these light, nutrient , and tem-
perature quantities makes possible its re-
covery to normal after advective disturbance 
in June 1Y77. 
In Press: Hydrobiologia . 
Supported by : WHOI. 
PROBLEMS IN ESTIMATING GROWTH RATES OF 
MARINE PHYTOPLANKTON FROM SHORT- TERM 
14C ASSAYS 
Will iam K. W. Li and Joel C. Goldman 
Growth rate estimates (~ ' ) of phyto-
plankton populations that were sampled from 
nitrogen-limited cont i nuous cultures and 
then incubated for short durat ions in batch 
culture with added 14C- HC03, were 
significantly different than steady state 
growth rates (~) for three of five mar ine 
phytoplankton species . Two diatoms, Thalas-
siosira weissflogii and Chaetoceros sTriif)T"eX 
di sp l ayed virtua ll y identical growth rates 
(~=~ ') over a wide range of ~ . whereas ~' 
for a third diatom, Phaeodactylum tricornu-
tum was overestimated by an average of 40% 
compared to ~. In contrast, ~ ' was under-
estimated by the 14c techni~ue for tne two 
remaining spec ies : up to 40~ at a steady 
state~ of 1. 0 day-1 for the chlorophyte 
Duna li ella tertiolecta and up to 100% at ~ 
of 1.4 day I for the haptophyte Pavlova 
lutheri. For the l at ter two species the 
divergence between ~and~ ' appeared to 
i ncrease with increasing steady state ~ · A 
simple model of labelled and total carbon 
flow between the aqueous phase and cellular 
biomass was constructed to demonstrate that 
respiration was negligible when~ = ~ ', but 
was signifi cant when~ ' > ~ · In the cases 
where ~ ' < ~ . a rapid physiologica l altera-
tion presumably took place once the steady 
state was disturbed and cells were placed 
in the incubation chambers , which perhaps 
was related to the nutritional state of the 
cultures at the time of sampling. Questions 
thus are rai sed regarding our ability to 
measu re accurately primary productivity from 
shipboard experiments with confined samples 
of phytoplankton from nutrient impoverished 
waters that probably are less hardy than the 
laboratory cu ltures used in these studies . 
In Press: Microbial Ecology. 
Supported by: Postdoctoral Fellowship 
award from the Natural Sciences and 
Engineering Research Council of 
Canada and NSF Grant OCE78-1 9420 . 
RESPONSE UF MARINE PHYTOPLANKTON TO LOW 
LtVELS OF ARSENATt 
James G. Sanders and Polly S. Vermersch 
Phytoplankton species vary widely in 
their degree of inhibition to low levels of 
dissolved arsenate (1-10 x ambient) . Simi-
larly, natural phytoplankton assemblages 
cultivated outdoors under ambient temperature 
and nutri en t conditions , indicate that the 
obser ved var i ance in sensitivity i s suffi c i-
ent to cause a marked change in species com-
posit i on and succession i n dosed assemblages 
r elat i ve to contr ol s , again at very low 
levels of ar senate. The changes in species 
t hat occurred, howe ver, were not always 
simi lar t o the response predicted from 
single-species cu l tu r es. In addition , a 
spec i es ' level of res i stance to arsenat e i s 
of ten not comparao l e with i ts r es i stance to 
other anthropogen i c stress. It i s therefore 
questionable whether pr edictions concerning 
environmental consequences of a given pol -
lutant can oe made on the basi s of l abora-
tory bi oassays . 
Supported by : DOE Contract OE -EY-76-
S- 02-2532 . 
VITAMIN LEVE LS IN THE GULF OF MAINE AND 
ECOLOGICAL SIGNIFICANCE OF VITAM I N 
~1 2 THERE 
Dorothy G. Swift 
Bioassays were used to determi ne vitami n 
B12, cobamides (B 12 +ana logs), thi amin, 
and biotin in Gulf of Mai ne water samples 
from winter , the spring bloom , and summe r . 
Vitamin B12 had a range of 0.1 to 1.9 ng 
1-1 ; cobami des were 0.1 to 4 ng 1-l i n-
dicati ng t hat analog act i vity equa l s or ex-
ceeds vit am i n B12 activity except duri ng 
the spring bloom . Bi nding factor was pr e-
sent except dur ing t he spring bloom. Thia-
min was 8- 45 ng 1-l and biot in was 1-11 ng 
1- l. Centric diatoms from the spring bloom 
l ack an absolute requi rement f or B12 but are 
st imulated by it (less l ag or faster 
growth) . B12 decrease during the spring 
bl oom and it s presence in high concentrat ion 
in phytop l ankton part iculate material sug-
gests that the bloom diatoms use the 
external supply of vi tamin B12 · 
In Press : Journal of Marine Resear ch . 
Supported by: NSF Grant GB- 33288. 
S A L T M A R S H E S 
ENERGY FLOW IN A SALT MARSH ECOSYSTEM: 
THE ROLE OF REDUCED INORGANIC 
SULFUR COMPOUIWS 
Robert W. Howart h and John M. Tea l 
In completely oxic ecosyst~ns, energy 
fl ow is l argely med i ated by and proportiona l 
to movement of organic car bo n. This is not 
true in ecosystems which are part ia lly 
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anox ic s ince the reduced inorganic end-pro-
duct s of anaer obic respiration conta i n 
s ignificant quant i ties of energy. In a New 
England sa l t marsh , mos t organic degradation 
proceed anaerob i ca lly, and reduced i norgani c 
sul fur compounds are important in energy 
flow. The export of energy from the peat as 
reduced i norg ani c sulfur compounds is per -
haps t wice the net above-ground production 
by Spart i na alternif lora. 
Support ed by : NSF Grant DEB78-03557 
and the WHOI Educat ion Program. 
SULFATE AND METHANE IN SALT MARSH 
SEDIMENTS 
Kobert W. Howarth, Brian L. Howes , 
Ann M. Cr i tz and John M. Teal 
Sul fat e reducti on and methane format ion 
coex ist in marsh sediments. Sulfat e-r educ-
ing bact eria contro l the methane concentra-
t i on by oxid i zing metnane. Met hane i s only 
weakly corre l at ed wi t h the sulfate concen-
t r at ion but i s highly correlated wi th a 
var iable whi ch cons ider s the effects of 
su lfate, hydrogen su lfide , carbon d ioxide, 
and pH on anoxic methane consumpt i on . 
Su pported by : NSF Grants DEB78-
03557 and DEB79-05127 . 
OXIDATI ON-REDUCTION POTENTIALS IN A SALT 
MARSH: SPATI AL PATTERNS AND INTERACTIONS 
WI TH PRIMARY PRODUCTION 
Brian L. Howes, Rooe r t W. Howarth, 
Jo hn M. Teal and Ivan Valiela 
Spartina alternif lora oxidizes the sedi-
ments in which it gr ows through both passive 
oxygen release and active, metabolic pro-
cesses. Eh is hi gher i n the root zone of 
t his grass t han i n the sediment below the 
root zone or in un vegated sediments. Sedi-
ments underlyi ng the ta l l fo rm of Sparti na 
are more ox idized than those under the short 
form, and sedimen t redox conditi on and 
Spart i na production are related through a 
posi ti ve feedback l oop. Red ucing conditions 
inhibit above- grou nd grass production. But 
al so, more productive plants have a greater 
capac i ty for sediment oxidation, as shown by 
the increased Eh i n fertilized plots . . 
Waterlogged sediment s inhibit plant gr owth 
by dec r eas ing passive oxygen release and 
thereby lowering Eh. 
Supported by: NSF Grants DEB76-
83877 , DEB79-05127 and DEB78 - 03557 . 
BEHAVIORAL AND MURPHOLOGICAL MECHANISMS 
uF RESOURCE PARTITIONING AMONG THREE SALT 
MAKSH KILLIFISHES 
Christi ne Werme, Ivan Valie l a 
and Jo hn M. Teal 
Observations made while snor ke li ng in 
the tidal creeks of Great Sippewissett 
Marsh , near West Falmouth, Massachusetts, 
indicated that three species of ~il lif ishes 
found within the marsh, Cyprinodon var i ega-
tus, Fundu l us heteroclitus and Fundulus 
maTalis , made s imilar excursions onto the 
marsh surface at high tide . Only Cyprinodon 
variegatus and Fundu l us heteroclitus ate 
more during these excursions than they did 
through the rest of the tidal cycle . These 
two species fed on large amounts of ubiqui -
tous, epiphytic, algal mat growing at the 
bases of marsh grasses. Fundulus majalis 
had a diet comprised of comparat1vely 
greater quantities of benthic invertebrates . 
Further observations and exper imen t s 
indicted that only Cypr i nodon variegatus i s 
morphologically suited to herbivory, Fundu-
lus heteroclitus and Fundulus majalis-reed-
ing on the algal mat l arge l .Y to obtain t he 
minute invertebrate prey which l ived within 
it. Differences in mouth and body form make 
Fundulus majalis more effective than Fundu-
l us heteroclitus at preyi ng on invertebrates 
l ivi ng withi n t he substrate of the t i da l 
creeks . These differences , while not ex-
cluding any of the fishes f r om feed ing on 
prey of the other fishes , may place one 
species at an advantage in dea ling 
with particular foods and may allow coex is-
tence of the fishes and r esu lt in the three 
killifi shes playi ng slightly different roles 
in the energy flow through the sa l t marsh. 
Supported by: Vi ctoria Foundation and 
NOAA, Office of Sea Grant, Grant 
04- 8-MOl-149. 
Z 0 0 P L A N K T 0 N 
THE PHYSIOLOGICAL EFFECTS OF SOUTH 
LOUISIANA CRUDE DIL ON LARVAE OF THE 
AMERICAN LOBSTER (Homarus ameri canus) 
Judith M. Capuzzo and Bruce A. Lancaster 
The suolethal effects of exposure to 
0. 25 ppm SLCO on larvae of the ~nerican 
lobster were eva luated. Resp iration ra tes , 
ammonia excretion rates and O:N ratios were 
monitored at 24 h and 72 h during a 96-h 
exposure period. Si gnificant reductions i n 
respiration rates and O:N rati os were 
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detected for all larval stages after 72-h 
exposure , indicating an increased demand on 
protein catabolism as a result of oil 
exposure. 
In further studies the effect of crude 
oil on mo lting of stage IV larvae to t he 
postlarva l form (stage V) and the reco~ery 
potential of lobsters transferred to clean 
sea water were investigated. Significant 
differences i n all the physiological 
parameters were detected between control and 
oil-exposed lobsters during exposure and 
post-exposure periods. Energy metabo l ism 
is apparent ly affected by crude oil exposure 
and recovery i s not immed iate in the pos t -
exposure peri od. 
In Press : Biological Monitoring of 
Marine Pollutants, Academic Press . 
Supported by: BLM Contract AA 55l-
CT9-5. 
THE EFFECTS OF POLLUTANTS ON MARINE 
ZOOPLANKTON AT DEEPWATER DUMPSITE 106 : 
TOXIC EFFECTS AND BIOACCUMULAT ION OF 
DUPONT EDGEMOOR WASTE 
Judith M. Capuzzo 
DuPo nt Edgemoor waste i s an acid- i ron 
waste, containi ng a composi t e of several 
trace meta l s , inc l uding Cr , Cu, Ca , V, Zn , 
Ni and Pb. The toxic effects of this waste 
on the marine copepods Acartia tonsa, Cen-
tropages typicus and Pseudocalanus-5p.~ve 
been evaluated 1n laboratory stud1es . The 
three spec ies of copepods were similar in 
their responses to various concentrations 
of Edgemoor waste and s igni fican t mortality 
(>20%) was observed at concentrations 
greater tnan l ppm. Reduced egg production 
of Centropages and Pseudocalanus was demon-
strated at 10 ppm . Because zooplankton may 
provide an important link in the transfer 
of toxic materials to higher trophic levels, 
the accumulation of metal components of 
Edgemoor waste in zoop lankton biomass and 
the removal rates through fecal pellet 
depos it ion have been i nvest i gated. The 
significance of these findings in predicting 
the impact of Edgemoor waste on zooplankton 
populations at OWD 106 are discussed. 
Presented at: 1980 Statutory Meeting 
of the International Council for the 
Exploration of the Sea. 
Supported by: NOAA Grant NA79AA-D-
00027. 
CHARACTERIZATION OF FEEDING ACTIVITY 
PATTERNS IN Centropages typicus KROYER 
UNDER VARIOUS FOOD CONDITIONS 
Timothy J. Cowles and J. Rudi Strickler 
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High speed cinematography (500 frames 
per sec) revealed that Centropages typicus 
captures particles by a rapid (< 8 msec) 
extension and retraction of the second 
maxillae. Other mouthpart appendages con-
tinue flapping during part icle capture . 
Additional cinematographic ana lysis (20 
frames per sec) shows that f.. typi cus spends 
at least 95% of its time alternating between 
periods of rhythmic mouthpart movement 
("flapping") and periods of no mouthpart 
movement ( "breaks"). Intervals of "flapp-
i ng" or "breaks " can last from 0. 1-1 0 sees, 
but activity duration is highly dependent 
upon the species and concentration of food 
availaole to the copepod. "Break" duration 
in high concentration (400 cells/ml) of 
Prorocentrum micans was 0.38 + 0. 07 sees (X 
+ 1 SO) wh1le in h1gh concentrations (100 
cells/ml} of Gymnodinium nelsoni it was 1.30 
+ 0.43 sees. At low concentrations (40 
cells/ml P. micans and 10 cells/ml G. 
nelsoni) ,-break duration increased to 0.87 + 
0.34 sees and 1.75 + 0.76 sees respectively~ 
In filtered sea water , break duration in-
creased to 4. 08 + 1.52 sees. This 
behavioral plastTcity may be instrumental 
in minimizing ene rgy expenditure during food 
search. 
Supported by: NSF Grant OCE77-
09132; NOAA, Office of Sea Grant, 
Grant NA39AA-D-00102; and the 
National Research Council of Canada. 
CONTROLLED ECOSYSTEM POPULATIONS 
EXPERIME NT: BIOLOGICAL AND CHEMICAL DATA 
FOR FOODWEB I EXPEKIMENT 
George D. Grice (Editor) 
Chemical, biological , and meteoro l og ica l 
data including a description of the measure-
ment techniques used for acquiring these 
data are provided for a 11 1-day experiment 
(FOODWEB I) conducted in two 1335 m3 
plastic enclosures that were moored in 
Saanich Inlet, British Col umb ia . 
Published in: Woods Hole Oceanographic 
Institution Blue Cover Report 
WHOI-80-42. 
Supported by: NSF Grant OCE77 -27906. 
HATCHING OF EGGS OF Pontella mediterranea 
CLAUS (COPEPODA:CALANOIDA) 
George D. Grice and Victoria R. Gibson 
Pontella mediterranea from the Northern 
Mediterranean Sea are known to produce two 
types of eggs which differ i n morpho logy and 
hatching characterist i cs. It was demon-
strated that the smooth eggs produced by 
females in late summer are sub i taneous , be-
cause they hatch at 21•c within two days of 
being l aid ; while the spiny form laid in 
fall are diapause eggs whic h do not hatch 
until a suitable period of time has elapsed . 
These resting eggs permit the repopulation 
of areas where planktonic stages of the 
spec ies cannot exist throughout the year . 
Spiny egg hatching was not affected by 
incubation for several weeks at reduced 
laboratory temperatures of from 4• to 16·c, 
but hatched non-synchronously after three 
months of incubation at 18·c . Oiapause eggs 
incubated i n Woods Hole Harbor waters for 
four months hatched synchronously when 
warmed to 18·c. 
In Press: Vie et Milieu . 
Suppor ted by: WHOI . 
DORMANT EGGS OF MARINE COPEPODS 
George D. Grice and Na ncy Marcus 
A review is provided of previous litera-
ture relating to dormant egg formation by 
marine copepods . Included is a critique of 
experimental and observational techniques 
and an assessment of their utility in 
clarifying the nature of eggs produced , 
their induct ion, viability and hatching. 
Although 16 species have been reported to 
produce dormant eggs , conclusive experimen-
tal evidence supports the identi fication of 
only 6 species. 
In Press: Oceanography and Mar ine 
Biol ogy . 
Supported by : NSF Grant OCE78-08857 . 
TROPHIC INTERACTIONS AND PRODUCTION 
PROCESSES IN NATURAL ZOOPLANKTON 
COMMUNITIES IN ENCLOSED WATER COLUMNS 
Roger P. Harris , Michael K. Reeve , 
George D. Gr ice , Geoffrey T. Evans , 
Victoria R. Gibson , John R. Beers 
and Barbara K. Sull ivan 
Studies of the population dynamics, 
vertica l distri bution , feeding behavior, and 
production of herbivorous and carnivor ous 
zooplankton were made duri ng the first 40 
days of an exper iment in two 1335 m3 
enc losures , one containing a populat ion of 
primary producers dom inated by di atoms , the 
other by flagellates . In the upper 8 m of 
one container 70% of the phytoplankton car-
bon was di at oms ; in the other conta iner , 
3.5% was diatoms . There were major differ-
ences in the size compos iti on of the phyto-
plankton assemblages . During the first 18 
days of the experiment , before a great i n-
crease of carni vores , herb i voro us copepods , 
espec ially Par acalanus and Pseudoca lanus , 
multip l i ed rapidly and several cohorts were 
r ecognized. Feed ing experiments using these 
t wo species and Ca lanus showed that inter -
species differences in ingest i on were s l igh t 
desp ite the major size difference in the 
composi ti on of the food offered to them. 
Similar experiments on Pseudocalanus 
nauplii, copepodids, and adults indicated 
that these also appear to compete f or the 
same s i ze class of phytoplankton (10-30 urn) , 
and that small cells (< 10 um) are relat ive ly 
unimportan t i n their diets. Oithona reached 
a maximum duri ng the f i rst 9 days and 
rapidly declined; Corycaeus increased so 
tha t beyond day 30 it was the only abundant 
copepod species . 
A fe w adult ctenophores , Pleu r obrachia 
and Bo li nopsis , were captured and by day 25 
l arge number s of t he i r l arvae were presen t 
in both containers. Analysis of the gut 
contents of t he ctenophores and chaetognaths 
in the enclosures , comoined with laboratory 
observations on their feeding , could account 
for the virtual elim i nat ion of Paracalanus , 
Pseudocalanus , and Oithona by day 30 . 
Using observations on t he s i ze distr ibu-
t ion of Paracalanus and Pseudoca l anus over 
the 40-day per iod , secondary production was 
calculated and , in conj uncti on with measure-
ments of primary production , trophic trans-
fer eff i ciencies were est imated . The com-
bined production of these two species was 
116 and 138 mg C-m3 in the di atom and 
f l agellate containe r s respective ly . The 
primary product ion dur ing this period was 
17 25 and 2102 mg C· m-3, imp lying a food 
chai n eff iciency between producers and 
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major her oivores of about 6.5% for both con-
tainers . The transf er efficiency between 
herbivores and carnivores was est imated to 
be aoout 10%. 
In Press : Marine Mesocosms: Bioloo i cal 
and Chemical Studies i n Experimental 
Ecosystems. 
Supported by: NSF Grants OCE77- 27906 , 
OCE77-27223 and OCE76-22142 . 
FISH IN SALPS : THE ASSOCIATION OF 
SQUAKETAILS (Tetragonurus spp.) WITH 
PELAGIC TUNICATES 
John Janssen and G. Richard Harbison 
Tetragonurus i s a rarely collected ge nu s 
of stromateoid f i shes from the open ocean 
found widely in tropical and t emperate re-
gions . Scuba divers have collected the 
young of al l three species (T . cuvieri, T. 
atlant i cus and T. pacificus}-living ins ide 
salps . The fi shes use the ir unusual dent i-
tion to bite off parts of salps and pyre-
somes. They enter sa lps vi a the atria l 
opening and, whil e inside, eat the sa l ps ' 
gut and gi ll bar . Co nsumpt i on of the gu t 
from outside the salp is hampered by a tough 
shie ld around the gut , the arrangement of 
individual salps in a colony , and processes 
from the sal ps ' tests . The fish a l so con-
sume test processes from Pyrosoma colonies 
and enter into the cloacal chambers . The 
morphology and behavior of Te tragonurus pro-
vide convincing evidence that these f i shes 
are speci fi ca l ly adapt ed for life i n associ -
ation with pelagic tunicates . The present 
study , and observations on other pelagic 
and planktonic organisms , indicate t hat 
associations such as this are common in the 
open ocean . 
In Press : Journa l of the Marine 
Biolog ica l Assoc iation, Un i t ed 
Kingdom. 
Suppor ted by: NSF Grant OCE77-225ll . 
ELEMENTAL AND BIOCH£MICAL COMPOSITION OF 
SALPS (TUNICATA:THALIAC£A) 
Lawrence Madin , Catherine M. Ce tta 
and Vi cki L. McAli ste r 
Carbon and nitrogen content have been 
measured in the so li tary and aggregate 
generat ions of ll species of salps . Regres-
sion equations for each species and ge nera-
tion permit estimation of carbon or nitrogen 
content as a f unction of length of l i ve 
ani ma l s. Different species of the same 
l ength may have near ly tenfo ld differences 
in carbon conte nt . Fractionation and bio-
chemical analysis of same samp les revealed 
that t he organic content of sa l ps is approx-
imately 80% protein . Ash- f ree dry weights 
average 27% of dry we ights ; mean carbon con-
tent is 29% of ash- free dry weight. Excess 
as h-free dry weight not accountable as 
organi c material is thought to be water of 
hydrat ion. 
In Press: Marine Bioloqy . 
Supported by : NSF Grants GA-39976, 
OCE75-21715, OCE77- 225 l l and OCE80-
25415. 
CARBON AND NITROGEN CONTENT OF SALPS 
(TUN ICATA :THALIACEA) 
Lawrence P. Madin and 
Vi ck i L. McAl is t er 
Car bon an d nitrogen content have been 
measured in the sal i t ary and aggregate 
generations of 11 spec ies of sa l ps . Regres-
sion equ ati ons for each species and ge nera-
ti on permit estimat ion of car bon or ni t rogen 
content as a funct i on of length of live 
an imals . The relat ionshi p between displace-
ment vo lume and length , and shrinkage dur ing 
preservat ion are presented. Differ ent spe-
cies of t he same l ength may have nearl y ten-
fo ld di f f er ences in carbon content; t he co n-
trast i s most striki ng among spec ies of t he 
genus Pegea . Carbon to ni trogen ratio are 
co1nparable to other zoop lankto n; tot al car-
bon content is several times l ess t han i n 
crustaceans of equa l length . 
Supported by: NSF Gra nts GA- 39976, 
OCE75- 21715 , OCE77- 225ll and OCE80-
25415. 
PHOTOPERIOOIC CONTROL OF DIAPAUSE IN 
THE MAKINE CALANOID COPEPOD , 
Lab1docera aest1va 
Nancy H. Marcus 
THe calanoid copepod Labidocera aest i va 
was reared in the l abor atory at 15' c. 
Ind i viduals that deve loped under a photo-
period regime of l8L : 6D produced subitaneous 
eggs, whereas copepods exposed to a short-
day regime of 8L : l6D produced mostly dia-
pause eggs . The resu l ts i ndicate that 
pnotoper iod i s an important fac t or control l-
ing the l ife cycle of L. aest i va. It is 
·suqqested that in Vineyard Sound , MA , this 
species produces subitaneous eqqs during the 
summer in response to long daylenqths, and 
in the fa ll produces mostly diapause eggs in 
response to short day lengths. 
Pub l ished in : Biological Bu l letin 159: 
311 -318' 1980. 
Supported by: NSF Grant OCE78- 08857 . 
DISPERSAL OF PLANKTONIC LARVAE OF 
SUBLITTORAL BENTHIC INVEKTEdRATES OVER 
LONG DISTANCES BY CURRENTS IN THE WESTERN 
EQUATORIAL PACIFIC OCEAN 
Rudo l f S. Schel tema 
Planktonic larvae belonging to sub l it-
toral benthic invertebrate species are found 
in open waters of the warm-temperate and 
B- 28 
equatoria l western Pacif i c Ocean . The pre-
l iminary study is based upon 27 plankton 
samples . From the data it can be inferred 
that the l arvae of subli ttoral benth ic spe-
cies are transpo rted over very long dis-
tances. Species found i n t he samp les were 
most l y confamilia l and congener i c with those 
of the Atlantic teleplanos . Transport of 
vel i gers belonging to the gastropod family 
Ar ch i tectonicidae serve to show t he extent 
of di spersal encountered . Larvae of spec ies 
be longing to this fam ily were found from 
Hawaii west to 156.E , in a section across 
the Equator at longitude l67·w , and al so off 
the Solomon Islands. It is proposed that 
te lep l anic or " l ong- di stance" larvae may 
pl ay a significant ro le i n the zoogeography 
of shoal water marine invertebrates i n tne 
western Pacific Ocean . 
In Press : Genetics , Reproduct i on and 
growth of mar i ne inve r tebrates . 
Pr oceedings XIV Pac i f i c Science 
Conqress . 
Suppor ted by: NSF Grant OCE73-00439 
and ONR Contract N00014- 79-C- 0071 
NR083 -004. 
EFFECTS OF ME~IA WITH LOW SIL ICIC ACID 
CONCENTRATIONS ON TOOTH FORMATION IN 
Acartia tonsa DANA (COPEPODA :CALANOIDA) 
Char l es B. Miller , David M. Nelson , 
Robert R. L. Guil l ard 
and Bonnie L. Woodward 
Acartia tonsa Dana can extract suffici-
ent silicon from format ion of siliceous 
teeth f r om media with concentrat ions of 
si l ic i c acid as low as 0.2 uM . Low s i licate 
med i a were produced by growing diatoms in 
sea water collected from oligotroph i c hab i-
tats and enriched with nutrients other than 
sil i cic acid , then removing them by filtra-
tion when they reached a silicic acid- l imited 
stationary phase . Most of the teeth 
formed by A. tonsa in 0. 2 uM medium were 
great ly reaucea-Tn profile, probably by in-
creased effects of wear on insufficiently 
mineralized teeth . Teetn formed at si l icic 
acid levels comparable to those in the fie ld 
hab i tat of the copepod (1 . 5 uM) were norma l. 
Th ~ extent of this ability to remove silicon 
from dilute media is comparable to that of 
diatoms . It is unlikely that low silicate 
levels in the field are an important limit-
ing factor for A. tonsa or other copepods 
normally found Tn ol igotrophic, pe l agic 
habitats in the sea . 
Published in: Biological Bulletin 159: 
349-363, 1980 0 
Supported by: NSF Grant OCE78-08858. 
THE CEPEX APPROACH AND ITS IMPLICAT IONS 
FOR FUTURE STUDIES IN PLANKTON ECOLOGY 
Michael R. Reeve , George D. Gr i ce 
and Roger P. Harris 
Enclosure-based research is st i ll very 
young compared to a cent ury of descriptive 
biological oceanography, and at least half 
t hat per iod of experimenta l studi es. Even 
so , the suite of data accumulated in Foodweb 
I far surpassed t hose pr ev ious ly obtained 
for any kind of trophodynam i c study of com-
parable timespa n. At its heart , the CEPEX 
approach is based on an extens i ve laboratory 
program directed t owards explaini ng the 
times t ream of observed popul at i on events. 
It is an experimental techni que with a 
capac ity for hypothes i s testing, and we must 
learn to come to terms with the fact that 
such large exper i ments cannot be completely 
controlled or precisely repeated in a 
laboratory sense. This repor t reviews the 
degree to which Foodweb I ach ieved its 
aims; considers the theoret ical imp l ica-
t ions; and discusses population stab i lity , 
predictability, enclosure rep l icat ion, the 
essential differences between the enc l osures 
and the environment , and the pract i ca l 
limitations and advantages of large con-
ta i ners . 
In Press: Mar i ne Mesocosms: Biologica l 
and Chemical Studies i n Experimental 
Ecosystems, Springer-Verlag. 
Supported by : NSF Grants OCE77 -
27906, OCE77-27223 and OCE76-22142. 
EXPERIMENTAL EV IDENCE OF ZOOPLANKTON 
CONTROL OF THE SPECIES COMPOS ITION AND 
SIZE DISTRIBUTION OF MARINE PHYTOPLANKTON 
John H. Ryther and James G. Sanders 
Grazing by Acartia tonsa in l arge-volume 
( l m3) enclosures caused s i gn if icant changes 
i n the abundance and species composition of 
natural phytop lankton . Cell densities and 
biomass were reduced 20-34% i n two separate 
experimen t s. Calculat ions sugges t that 
grazing was responsiole for al l of the bio-
mass reduction that occurred . Centric dia-
toms, especially Ske letonema costatum, were 
reduced in grazed tanks relative to con-
trols, while microf l agel l ates were greatly 
increased. Accordingly , size distribution 
was also affected by zooplankton grazing. 
Grazed phytoplankton assemblages were com-
posed of a much smaller dominant s i ze class 
(<7 ~m) than were control assemb lages (10-
15 ~m). 
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SELECTIVE PKEDATION BY Favella ehrenbergi i 
(TINTINN IA) ON ANO AMONG DINOFLAGELLATES 
Diane Stoecker, Robert R. L. Guillard 
and Rhonda M. Kavee 
In culture , the ti nt i nn id Fave ll a 
ehrenbergii requires dinoflagellates as 
food. Of the dinoflage ll ates t ested , strain 
Gymno, Gonyaulax tamarens i s , ~· po lydr a , and 
Heterocapsa sp. are good foods and Prorocen-
trum maria lebouriae is a poor f ood . 
AmPnid1n1um carterae, which produces 
chol i ne-like substances , is not eaten. 
Favella recognized dinoflagel l ates with 
very di f ferent sizes and morpho logies as 
prey. In mixt ures of dinoflagel lates and 
non- dinof lage l lates , Favella se lective ly 
pr eys on di noflagellates. Cryptophytes , 
haptophytes, chrysophytes , d i atoms , prasino-
phytes , and chlorophytes of su i table s i ze 
are consumed in low amounts, if at al l . 
In Press : Biol ogical Bul letin . 
Supported by: NOAA, Office of Sea 
Grant, Grant NA79AA- D- 00102. 
A CONCEPTUAL MOOEL OF STRUCTURE IN 
OCEANIC PLANKTON COMMUNIT IES 
Pe t er H. Wiebe 
The time and space scales of oceani c 
plankton patterns are discussed using as a 
conceptual model a biological modification 
of the thr ee-d imensional diagrams presented 
by Stomme l i n 1963. The mode l plots bio-
logical variab il ity {in this case biomass) 
versus time (1 sec to 104 years) and space 
( l em to 104 km) and illustrates the over-
lapping hierarchy of patter ns present f rom 
small to l arge time and space sca les. Space 
scales of pattern are categorized (m icro, 
fine, coar se , meso, macro, mega) and some of 
the factors causing the generation, ma i nten-
ance and observations of these patterns are 
briefly descr i bed. Two examples drawn from 
recent work on phys ical factors which 
generat e zooplankton patch i ness are dis-
cussed. These invo l ve the role of high fre-
quency i nternal waves in creating fine scale 
pattern in continental she l f regions and 
Gulf Stream cold core r ings in creat i ng 
meso-scale pattern i n the Northwestern 
Atlantic Ocean. 
In Press : The Use of Mathematical 
Simu lation Mode ls in the Study of 
Bioloqy in Marine Ecosystems , G. 
Maqazzu and L. Guglie lmo , editors . 
Supported by: NSF Grants DES74-
02793 AOl and OCE77-09132, and 
ONR Contracts N00014-66-C024 NR083-
004 and N00014-74- C0252 NR083 - 004. 
AVOIDANCE OF TOWED NETS BY THE EUPHAUS IID 
Nematosce lis mega lops 
Peter H. wiebe , Stephen H. Boyd, 
Bruce M. Davis and James L. Cox 
Avoi dan ce of towed nets by the common 
oceanic euphausiid crustacean Nematoscelis 
megalops was studied by compar1ng aspects of 
its sampling distr i bution as revealed by day 
and night catches of two nets of different 
size , one with a 1 m2 mouth opening and 
one with a 10m2 opening. Roth nets yield 
essentially the same pattern in verti cal 
distribution . Paired tows yie l d a highly 
significant agreement in nighttime abundance 
estimates , but do not give comparable day-
t ime estimates . Night catches , especially 
with the smaller net exceed day ca tches, an 
effect which can on ly be inte rpreted as re-
su lti ng from greater avoidance during the 
day. Comparisons between nets show that 
neither net has a superior catch rate , day 
or night . No part icular size group of the 
spec i es is caught with greater effi ciency by 
either net. When~· megalops ' s center of 
distributi on is shallower , d1fferences be-
tween day and night catches can be substan-
tially enhanced . 
App l ication of Bark ley's avo i dance 
theo ry indicates t hat the potential advan-
tage of greater mouth area of the larger net 
i s effectively cancelled by indivi dua l s 
reacting to the approach of the net at a 
greater d i stance . Other theoretical predic-
t ions which depend upon the assumpt i on of 
incr eas ing escape velocities as a function 
of body s i ze are not corroborated by the 
field data. Thus , fie l d population size-
frequency distr ibutions are probably not 
materially affected by avoidance . Implica-
t ions of these findi ngs for net design and 
sampling strategies are di scussed. 
Supporterl by: ONR Contracts N00014-
66- C0241 NR083- 004, N00014- 74- C0252 
NR083-004, and N00014-79-C- 0071 
NR083 - 004 ; and NSF Grants DES74-
02793 AOl and OCE77-09 132 . 
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GULF STRtAM RING PHYSICS , CHEMISTRY , AND 
BIOLOGY : COLD-CORE RINGS SPAWNED FROM THE 
GULF STREAM SHOW COMPLEX LIFE HISTORIES 
Richard H. Backus, Glenn R. Flierl, 
Dana R. Kester , Donald B. Olson , 
Philip L. Richardson, Andrew C. Vastano , 
Peter H. Wiebe and John H. Wormuth 
Cyclonic Gulf Stream rings are energe tic 
eddies consisting of a ring of Gulf Stream 
water surrounding a core of co ld Slope 
Water . Initial ly they are rich in plan ts , 
animals , and nutrients and have ot her Slope 
Water characterist i cs . As a r i ng decays 
its Slope Water properties are gradually 
replaced by those of the Sargasso Sea . 
Although the decay rate in the Sargasso Sea 
suggests a rather long l ifetime (2-4 years), 
the usua l death of a r i ng comes from a sud-
den coalescence with the Gulf Stream after a 
life of 6 to 12 months . 
In Press: Sc ience. 
Supported by: ONR Contracts N00014-66-
C0241 NR083-004, N00014-74-C0262 
NR083 - 004, and N00014 -79- C- 007 l NR083 -
004; and NSF Grants DES74-02783 AOl 
and OCE77-09132 . 
PREDICTING POLLUTION EFFECTS I N THE 
MAR I NE ENVIRONMENT 
Judith M. Capuzzo 
Assessing the effects of pollutants on 
the marine environment i s not an easy task, 
but req uires an under s t anding of t he adap-
t i ve and di srupt i ve r esponses at each l eve l 
of biolog i cal organ ization (biochemical 
through community) and how that response 
affects responses at the next level. All 
responses are not disruptive in nature and 
do not necessar i ly r esult in the degenera-
tion of the next level of organ izati on . 
Only when the compensatory or adaptive 
mechanisms at one level begin to fail, do 
deleterious effects become apparent at the 
next leve l. For predictive purposes , one 
must asce r tain the early warning signs of 
stress at each level before compensatory 
mechan i sms are surpassed . From the biochem-
ical l evel to the co~nunity level, the 
degree of system complexity , the number of 
compensatory mechanisms available an d the 
l ag time to measure a r es ponse increases 
exponentia lly , therefore i ncreasing the pre-
dictive difficulties at each leve l. The 
standard bioassay as currently used in the 
establ i shment of eff l uent guidelines is 
inadequate in pred icting the impact of 
pollutants at any level of biol og ical organ-
ization in the marine ecosystem. Co ntinued 
research is needed at each level of biolog i -
cal organization in order to insure a de-
tailed i ntegrat i ve unders t andi ng of the 
ef fects of pol l utants on t he mar ine environ-
ment . 
Published in: Oceanus, Vol. 24, No . l, 
Spring 1981, 25 - 33. 
TROPHIC INTtRACT IONS IN EXPERIMENTAL 
MA~INE ECOSYST EMS PEKTURdED BY OIL 
Ragnar Elmgren, Gabrie l A. Va r go , 
J . Frederick Grassle , Judith P. Grassle , 
Donald R. Heinle , Gaytha Langlois 
and Sandra L. Vargo 
A frequently advanced rationale for the 
use of microcosms in ecological research is 
that they permit study of interact ions be-
tween major ecosystem components . The ex-
perimental ecosystems at the Marine Ecosys-
tems Research Laboratory (MERL) have pro-
vided two examples of such interactions 
linked to chronic , low- leve l additions of 
No. 2 fuel oil to three of nine experimental 
tanks (me an 190 ppb , range approximately 60-
350 ppb). 
Laboratory exper iments indicated that 
the dominant phytoplankton species were 
relatively insensitive to oi l at the concen-
trations in the experimental ecosystems, yet 
the phytoplankton populations in the oil 
ecosystems snowed a marked i ncrease in bio-
mass, and a radically different species com-
position . The evidence suggests that these 
changes were due to the r educed grazing 
pressure in the oil ed tanks , where the den-
s i ties of zoop l ankton and bent hic suspension 
feeders were markedly lower than i n tne co n-
trols . Nutrient studies in control and 
oiled tanks support this interpretation--
nutrients in control tanks were generally 
present in excess , while nutrients were 
general ly limiting for the elevated phyto-
plankton populations in the oiled tanks. 
During the five~nonth chronic oil add i-
tion the benthic macrofaunal and metazoan 
meiofaunal populations dec l i ned drast ically, 
while benthic protozoa (ciliates and 
Foraminifera) increased considerably, as did 
bentnic diatoms. These increases may be due 
to decreased bioturbation, predation and 
grazing by the reduced metazoan populations . 
Tnese effects cou ld not have been pre-
dicted from a knowledge of the biology and 
susceptibility to oil of tne individual spe-
cies, and emphas ize the usefulness of 
B-31 
replicated experimental ecosystems in 
further analysis of such interactions. 
Supported by : EPA f,rant R803902020 . 
CONF IDENCE INTERVALS FOR SIMILARITY 
MEASURES US I NG THE TWO SAMPLE JACKKNIFE 
Woo ll cott Smith, David Kravitz 
and J . Freder i ck Gr assle 
Similarity between two communities i s 
usually estimated from relat i vely small 
samp les taken from the two communities. In 
this paper we assume t hat we have a r andom 
sample of ind iv iduals from bot h commun it i es. 
We can then app ly an approximat e method 
known as the two sample jackknife (Mi ll er , 
1974) to reduce the bi as and obtain esti-
mates of the sampling variance. 
Published in: Mu l tivariant Methods in 
Eco logical Work . Vo l. 7, pp. 253-
262 Statist i cal Eco logy Ser ies , L. 
Orloc i , C. R. Rao , and W. M. 
Stiteler , editors. 
Supported by: NOAA, Office of Sea 
Grant, Grant 04-8-MOl-149 and 
EPA Grant R803902030 . 
INTERACTIONS BETWEEN FIELD DATA 
ACQUISITION AND MODELLING IN TH E STUDY OF 
THE BIOLOGY OF GULF STREAM RINGS 
Peter H. Wiebe 
Gulf Stream cold core rings are major 
oceanographic features i n the Northweste rn 
At lantic Ocean . During formation , culd 
water of Slope Water origi n and the assoc i-
ated flora and fauna are entrapped within a 
r ing of Gulf Stream water. These systems 
generally move southwester ly i nto the 
Sa rgasso Sea and are of biological interest 
because they offer a unique opportunity to 
assess the relative importance of physical 
and biotic factors in determining the 
distribution and abundance of planKton 
organisms . 
Duri ng 1977 there was a major mu lt idis-
ciplinary effort to study the physics , 
chemistry, and bi ology of cold core rings 
through time . In addition to the field data 
acquisition, considerable effort nas gone 
into de veloping analyti ca l and numerical 
models of rings. These models have he l ped 
focus attention on dynamical phenomena which 
required more extensive field data for 
documentat ion and ver i f i cation . In add i-
tion, only through the deve l o~nent of mode ls 
can certain aspects of the competing role of 
physical and biological processes respons-
ible for the decay and eventual extinction 
of expatriated ring populations be explored . 
In Press: For the symposium: The use of 
mathematical simulation models in 
the study of biology in marine eco-
systems, G. Maguzzu and L. 
Guqliemo, editors. 
Supported by: NSF Grants DES74-
02793 AOl and OCE77-09132, and 
ONR Contracts N00014-66-C024 NR083-
004 and N00014-74- C0252 NR083-004. 
B-32 

G
) 
(D
 
0 ....
.
.
.
 
.
.
.
.
.
.
.
 
"
"
I (D
 
'
<
 
0 
-
i 
rr
1 
::
r 
-
o
 
0 
)::
> 
3 
;;
o 
"
0
 
-
i 
V
l 
3
: 
0 
rr
1 
::
:l 
:z
: 
-
i 
0 
0 
(D
 
.
, 
n
 I 
"
0
 
""
 
n
 
"
"
I 
:::r
:: 
r+
 
rr
1 
3 
3
: 
(D
 
.
.
.
.
.
.
 
::
:l 
(/
) 
r+
 
-
i 
;;
o 
n
 
-
<
 
::
r 
""
 
"
"
I 3 ""
 
::
:l 
S E A W A T E R A N D 
r, E 0 C H E M I S T R Y 
MEASUREMENTS OF TOTAL CARBON DIOXIDE AND 
AKALINITY BY POTENTIOMETRIC TITRATION 
IN THE GEOSECS PROGRAM 
Alvin L. Bradshaw , Peter G. Brewer, 
Deborah K. Shafer and Robert T. Williams 
C-3 
Approximately 6000 determinations of the 
alkalinity and total carbon diox ide content 
of seawater have now been made in the At-
lantic, Pacific and Ind i an Oceans as part 
of the GEOSECS program by a computer con-
trolled potentiometric titration technique . 
The equations used to locate the equival-
ence points of the carbon i c acid system 
on this titration curve were developed 
in 1971 but have not previously been 
published. These funct ions may be 
represented by 
F1 = (V2 + V) N [H+]/Klc + (V0 + V)([H+] + 
vo vo 
[HS04J+[HF] - [B(OH)4J)(l + [H+]/Klc) 
F2 = (V0 + V) ([H+] + [HS04J + [HF]- [HC03J) 
_v_o_ 
Upon inspection, these functions are 
analogous to the modified Gran functions of 
Hansson and Jagner with the omiss ion of the 
contributions of [OH-] and [Co3=] , and with 
the contribution of B(OH)4- being assessed 
at a chlorinity of 19./•• for all samples. 
Reprocessing the original titration e .m.f. 
- volume data with appropriate correct ions 
and modified Gran functions reveals an er-
ror of about +12 ~M kg-1 i n the GEOSECS to-
tal carbon dioxide data. In addition, the 
protonation of dissolved phosphate species 
dur i ng the titrat ion results in a contribu-
tion to measured total carbon dioxide equa l 
to the total phosphate concentration . Small 
differences in the appl ication of the GEO-
SECS functions between the Atlantic and 
the Pacific-Indian Oceans expeditions are 
also to be found . The application of the 
correct functions increases precision enab-
ling smaller differences, such as those at-
tributable to fossil fuel carbon dioxide, 
potentially to be observed , and increases 
accuracy so that the error in titrator to-
tal carbon dioxide previously diagnosed by 
Takahashi can be l ogically accounted for. 
Supported by : NSF Grants OCE79-13205 and 
OCE80-08160 . 
SCAVENGING RESIDENCE TIMES AND SURFACE 
CHEMISTRY 
L. Balistrieri , P.G. Brewer 
and J .W. Murray 
The adsorption properties of si nking 
particulate matter in the deep sub- tropica l 
Atlantic Ocean are quantified by combining 
the field observations of trace metal scav-
enging with theoretica l surface chemistry 
models . This quantification yie lds equi-
librium constants which define metal inter-
actions with deep ocean particulates . These 
equilibrium constants are compared with t he 
equilibrium constants which define metal 
interactions with oxides and organics . This 
comparison indicates that metal - particulate 
matter interactions high ly resemble the in-
teractions between organics and metals . 
Therefore, it is suggested that the adsorp-
tion properties of marine particu lates are 
controlled by organic coatings. In addition, 
the quantification of the surface properties 
of deep ocean part iculates provides a means 
for estimating the scavenging residence 
times for other me t als. 
Supported by : NSF Gra nt s OCE79-25724 and 
OCE78- 27004 . 
CONCENTRATION AND ISOTOPIC COMPOSITION 
OF C02 OCCLUDED IN POLAR ICE 
W. G. Deuser 
Cl imatic changes during the Late Pleis-
tocene caused the transfer of large amounts 
of carbon among changing vegetation belts 
on land and between land and the sea . These 
transfers occurred via the atmosphere in 
the form of carbon dioxide and therefore 
may have caused fluctuations in the carbon 
dioxide leve l of that intermediate carbon 
reservoir . Fu rthermore , s ince there are 
lar ge differences between the carbon i so-
tope ratios of the biosphere, the atmos-
phere , and the ocean , the transfer of car-
bon among these reservoirs must have affec-
ted the carbon isotope ratio of the atmos-
phere , wh i ch is the smallest of the three 
reservoirs . A land-to-sea transfer would 
have the opposite effect on the atmosphere 
as a sea-to- land transfer . The extent of 
natural changes in the past may have riv-
aled the present-day changes in atmospheric 
C02 induced by man . Therefore, the study 
of past changes in atmospheric C02 and as-
soc iated effects should aid in ant ici pating 
the effect s of the presen t C02 increase. 
We are presently making a pil ot study 
aimed at determin in g var iations in the con-
centrati on and i sotopic composition of C02 
C-4 
in air occluded in polar ice. The assump-
ti on is that the occluded air can still be 
r elated to the composition of the atmosphere 
at t he t ime of occlusion. In t he case of C02 , 
the relat i onship i s not a simple one and r e-
qui res careful study. Since polar i ce can 
prov ide a cont i nuous record as far back as 
105 years and large cl imati c var iat i ons took 
place du r ing that t ime , signi f i cant var ia-
tions in the level and i sotopic composition 
of ancient atmos pher i c carbon might be 
f ound. 
Thus far we have been concerned with de-
veloping prec i se procedur es for extracting 
the mi nute amounts of C02 from ice samples 
and with minimizing our samp le needs so as 
t o obtain t he greatest possible time reso-
lu ti on i n sampling i ce cores. This becomes 
especia l ly impor tant with ol der ice sampl es 
because of the increasing thinn ing of annual 
layers. Our minimum sample need for i sotopic 
analysis is now 0.2 micromole of C02. We are 
making preliminary analyses on test samples 
f rom a 197 1 therma lly dri l led core from Byrd 
Station, Antarct ica. 
Published in: An t arctic Journal U.S. 
14 (5), 78 (1979) . 
Suppor ted by : NSF Grant DPP 78-
0901 4. 
SEASONAL CHANGES IN SPECIES COMPOSITION 
NUMBERS , MASS , SIZE AND ISOTOPIC COMPOSITION 
OF PLANKTONIC FORAMINirtRA SETTLI NG INTO 
THE DtEP SARGASSO SEA 
W. G. Deuser, E. H. Ross , Ch . Hemleben 
and M. Sp indl er 
Planktoni c foraminifera recover ed f rom 
six successive sed imen t trap samples col-
lected over fourteen months at a depth of 
3200 m near Bermuda show varied r esponses 
t o seasonal changes in the near-s urface hy-
drography. These include changes in spec i es 
composition and, within spec ies, changes in 
number of i ndivid ua ls collected per unit 
time, average size and we i gh t of indi vidu-
als, and in oxygen and carbon isotopic com-
pos ition . A tota l of 17 spec i es were iden-
ti fied and 11 were suff i ciently abundant 
for i sotopi c analysis in at l east some of 
the samples . The accumul ati ons on the sea 
floor of some of these species can be ex-
pected to contain a strong seasonal compon-
ent in their oxygen i sotopic composition 
which may be utilized in pal eoclimatic and 
paleoceanographic r econstructions. Best 
s ui ted to thi s purpose are those species 
which form thei r t ests in i sotopic equili b-
rium with surface water and whose abundance 
is confined to a port i on of the year only . 
The best exampl es are Pulleniatina obl i q-
uiloculata and Gl ob i gerinoi des ruber , a good 
est imator of the average s urface water tem-
perature because it occurs in rather even 
ab undance throughout the year. Hast igerina 
pelagica, though very abundant i n surface 
water, is practical ly eliminated , even be-
fore arr ival on t he sea fl oor , by par tial 
r esorpt i on and structural weakeni ng of the 
tests during gametogenesis. Orbulina uni-
versa , Globorotalia truncatulinoides ana-
GTOEOrotal i a hirsuta show morphological and 
isotop i c ev ide nce for cont i nued ca l ci fica-
t ion in deeper water after initial test 
formation near the s urface . Globigerina 
bullo ides represents t he most str i king 
examp le of oxygen i sotop i c disequilibrium 
with sea water. 
Published in: Pal aeogeogr. Palaeoc l imato l . 
Pa l aeoecol. (in press). 
Supported by: NSF Gra nts OCE76- 21280 and 
OCE78- 19813 . 
SEASONALITY IN THE SUPPLY OF SE DI MENT TO THE 
DE EP SARGASSO SEA, AND IMPLICAT IONS FOR THE 
RAPID TRANSFER OF MATT ER TO THE DEEP OCEAN 
W. G. Deuser, E. H. Ross and R. F. Anderson 
The flux of particles approaching t he 
sea floor near Bermuda has been sampled by 
sed iment trap nearly continuously for more 
than two,years. The trap was placed at a 
depth of 3200 m, 1000 m above the bottom, 
and samples were recovered at two-month 
intervals . All major componen ts of the 
sediment (biogenic carbonate and sili cate, 
and organic matter) and a minor , presumably 
aeolian, clay component, as well as al l 
size frac tion s (after s ieving) were del i v-
ered in seasona lly fluctuating amounts. 
The f l ux variations appear closely tied to 
t he ann ual cyc l e of primary production i n 
the surf ace water, which in the Sarg asso 
Sea peaks i n earl y spr ing and reaches a l ow 
in late f all. The total part icul ate flux 
varied by a fac tor of 3 (20- 60 mg m-2 d-1 ), 
but some components var ied by more than an 
order of magn itude. The cl ose synchroneity 
between s urface product ion and deep-water 
ar r ival of even fine particles, whi ch pre-
sumably s ink as componen t s of larger ag gre-
gates, indi cat es extremely r apid settl i ng 
of the bulk of the sediment . The evidence 
that even the f lu x of inorgani c particles 
varies in phase with the primary production 
cyc le suggests that an efficient mechanism 
exists for rapid removal from the mixed 
l ayer and transfer to deep water of many 
chemicals, inc luding poll utants, which are 
associated with , or scavenged by, biogen ic 
and aeolian particles . 
Publ i shed in: Deep-Sea Res. (in press). 
Supported by: NSF Grants OCE76- 21280, 
OCE78-1 9813 and 0CE79- 25429. 
DEEP-OCEAN SEDIMENT TRAP: UES IGN AND 
FUNCTION OF PARF LUX MARK II 
Susumu Honjo, John F. Connell 
and Peter L. Sachs 
C-5 
To assess fluxes of part icles sink ing 
t hrough the deep open ocean, a large sedi-
ment trap has been deve loped. The trap open-
ing i s 1.5 m2 and contains 94 hexagonal baf-
fle ce ll s. Sediment part i cles are co ll ect ed 
in the receiving cu p at the bottom of the 
trap, which is open at both ends as it sinks 
t o the designated depth . The receiving cup 
moves into alignment wi th the funnel automa-
tically to co ll ect the sediment. At the end 
of deployment an electri cal s ignal again 
moves the receiving cup to seal the samp le 
and leave the f unnel open at both ends whi l e 
the trap is recovered. Sodium azide- sod ium 
chloride solut ion diffuses through a ser i es 
of membrane filters into the sample to poi-
son it. We have deployed and recovered 18 
t raps for as l ong as 110 days at depths up 
t o 5600 m. 
Published in: Deep-Sea Resea rch, 27 : 
745-753. 
Supported by: NSF Grants OCE76-
10514 and OCE76- 82063. 
THE COMPOSIT ION AND DIAGENESIS OF INTEKST I-
IIAL SOLOIIONS. II: FLUXES AND DIAGENESIS 
AT THE WATER-SEDIMENT INTERFACE IN THE HIGH 
LATITUDE NORTH AND SOUTH ATLANTIC 
Freder ick L. Say l es 
Stud i es of the major element composition 
of in situ samp l ed pore waters are r eported 
for t he North Atlant i c and Sout hern Ocean 
between Africa and Antarctica. The pattern 
of di agenetic mod i ficat i on of pore water 
composition is s imilar th r oughout the en-
tire Atlant i c. Enr i chment of Na+, Ca2+ and 
alkalinity and dep letion of Mg2+ and K+ are 
near ly universa l . Only sil iceous oozes con-
s i stently prov i de very lim i ted evidence of 
catipn diagenesis. The changes observed and 
the calculated fluxes across the seawater-
sediment interface are much the same as 
those reported prev ious ly for other areas 
of the Atlantic and Caribbean. Fluxes of 
the major cations across the interface con-
tinue to be ind icated as a major factor i n 
the geochemical cycling of these elements, 
particularly Na+ , Mg2+ and K+ . 
Diagenet i c modelli ng i ndicates t hat aer-
obic oxi dat i on of organic matter and conse-
quent disso l ution of CaC03 is a dominan t 
reaction throughout the North Atlantic. The 
data ind icate that Oz oxidation to at least 
30 em is prevalent at nearly a ll st at ions. 
Dissolut i on of CaC03 in response t o the in-
t r oduct i on of metabo l ic COz can lead to s ig-
ni ficant post-deposi ti onal mod ifi cation of 
the sediments. The modelling al so i ndicates 
a 1:1 stoich iometric relat ionship between 
Na+ release and Mg2+ uptake by sedimentary 
components. 
Al t hough dissolved s il ica concentrat ions 
in biogeni c siliceous sediments are among 
t he highest yet reported (>700 ~M} , calcu-
lations demonstrate t hat solub ili ty control 
cannot be through equili br i a with the min-
eral sepiol i te. Further, the i nfluence of 
cat ion-sil i cate surface phases, generally, 
upon solubil i ty is contra-indicated by 
Si(OH)4-Mg2+_H+ relationships. 
Eval uat i on of the influence of flu id 
advect ion on pore water pr of iles indicates 
that at t he stations studied in t he North 
At l antic , it i s small. A more general con-
sideration of the potential contribution of 
fluid advection to shap i ng interstitial wa-
ter prof il es demonstrates that advection 
can be a dominant facto r. I n such circum-
stances, serious misinterpretat i on of the 
nature of diagenet i c reactions may result 
from a l ack of know ledge and consideration 
of f luid advect ion. 
Supported by: NSF Grants OCE76-
81620 and OCE78- 24685. 
MULTICOMPONENT ELECTROLYTE DIFFUSION 
CORRECTIONS FOR NORTH ATLANTIC SEDIMENT 
Pa ul C. Mangelsdorf, Jr. and 
Frederick L. Sayles 
Lasaga ' s (1979) i on-pai r i ng mode l for 
i on-ion interct ions i n multicomponent dif-
fus i on in sediments is applied to in situ 
concentration data for North Atlantic sedi -
ments. The model is mod ifi ed sl ightly to 
permit separate fluxes of total COz and of 
carbonate a lkalinity, and to permit grad i -
en t s of pH and alkal i ni ty to be i ncluded . 
The dominant effects are tne enhanced self-
mobil i ty ascribed by the Lasaga model , and 
our own cation readjustment to el iminate 
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the apparent Cl- f l ux. In all cases t he 
calculated f l uxes correlate very well wi t h 
t hose calcu l ated i gnori ng al l i nteractions , 
so that no qual i tative di fferences i n inter-
pret ation are r equired by tne inclus i on of 
ion-ion interac ti ons . 
Supported by : NSF Grant OCE78-24685 . 
COMPOS ITIONAL VARIATION IN NORMAL MORB 
FROM 22-24°N , MID- ATLANT IC RIDGE 
AND KANE FRACTURE ZONE 
W. B. Bryan, G. Thompson and J . M. Ludden 
Basal t s co l lected by dredging between 
23•N and 25•N i nc lude samples from the ac-
t i ve spreading r idges , med i an va l ley wal l s , 
and older walls of the Kane Fracture Zone 
transform fault at about 24·N. Chemical an-
alyses of over 100 basa l ts and basalt glas-
ses snow the depletion in large-ion li t ho-
ph il e e l ement s character ist i c of "normal " 
ocean r idge basa l ts . Speci f i ca lly, t here 
i s no ev idence of spec i al f racture-zone re-
l ated al kal i c vo l cani sm , nor ar e t her e any 
s ignificant differences between basa l ts 
from t he med i an va l ley segments north and 
south of tne fracture zone . 
Petrogenesis of the basalts , as deduced 
from both petrographic and geochemical evi -
dence , indicates that simple equilibrium 
crystallization accounts for a large part 
of the major element and trace el ement var-
iation within di screte magma batches . How-
ever, more complex models are requ i red to 
explain relations between samples showing 
large differences in large-ion lithophile 
e lement enr i chments. A subset of samples of 
intermediate compos i tion can be expla i ned 
by simple mixing of highly fractionated ba-
salt with new parenta l basalt . A number of 
high Al203 and high MgO samples may reflect 
accumulat i on and part i a l resorpt i on of pl ag-
ioclase and/or olivine . Mantle source in-
homogeneity probably is not sign i f i cant i n 
producing variable large-ion- l ithophile el-
ement enrichments . Variab l e degrees of par-
tial melting probably do contribute to com-
posi t ional heterogeneity , but specific mod-
els for such a process are not well cons-
trained by the data. 
Supported by: NSF Grants OCE77-
09195 and OCE77-26842 . 
TRACE ELEMENT ANALYSES OF POWDERED , SMALL 
(100 mg) ROCK AND MINERAL SAMPLES 
BY X-RAY FLUORESCENCE ANALYSIS 
Brian Schroeder , Geoffrey Thompson 
and Mar9aret Sulanowski 
An automat i c compu ter- contr olled Philips 
wave length-di spersive x- ray spectr ometer is 
used to anal yze a variety of r ocks and mi n-
er als fo r the ir t r ace · element contents . No r-
ma lly t hese ana lyses r equ i re 3 gm of powde r ; 
however, for many samples on ly restricted 
amounts of sample are available . We have 
deve loped a technique f or analyzing 100 mg 
amounts of powdered sample . This technique 
invo l ves a s l urry type sample dispersion and 
reproduc i ble di sposition of the powder onto 
a special f i lter . The sampl e is then sealed 
i~ pos i tion and ana lyzed. For those trace 
elements wi th high energy fluorescent spec-
tra (K lines) , e.g ., Sr , Ba , Zr , Nb , Rb and 
Y, the sample can be t reated as a 'thin lay-
er ' and absorption or enhancement effects 
are neg l ig i ble. For lower energy spectra , 
e .g., V, Cr, Co , Ni , Cu , Zn , absorption ef-
fects are noticeable and must be corrected . 
The techn iques of sampl e preparation , 
analysis, correct i ons and standardi zat i on 
ar e descr i bed . Pr ec i sion and accuracy are 
of the order of + 5% and make the tech nique 
a very va l uab l e addition to the ana lytica l 
chemist's arsenal . 
Published in : Proceedings of Pittsburgh 
Conference on Analytical Chemistry 
and Spectroscopy . 
Suppported by: NS F rorants OCE77-2864 
28642 and OCE78- 09019 . 
PETROLOGY AND GEOCHEMISTRY OF BASALTS 
FROM THE MOZAMBIQU E BASIN AND KIDGE: 
(DSUP SITES 248 , 249 AND 250 AND FROM 
THE SOUTHWEST IND IAN RIDGE DSOP Si lt 251) 
Geoffrey Thompson , Wi lfred B. Bryan 
Frederick A. Fr ey , John S. Dickey 
and Hugh Dav i es 
DSDP Si te 251 is l ocated on the flanks 
of the Southwest Ind i an Ridge just outside 
the Mozamb ique Basin , and has basalts with 
compositions typical of Mid-Ocean Ridge 
spreading centers . The Mozambique Bas in 
was apparently formed by seaf loor spreading 
from the Southwest Indian Ri dge . Although 
geographically located in and on the border 
of this small ocean basin, basalts from 
DSDP Si tes 248 , 249 and 250 have diverse 
petrologic and geochemical features . 
Site 250 in the center of Mozambique 
Basin has a basement age compat i ble with an 
or1gin at the Southwest Indian Kidge. The 
upper lavas have compositions similar to 
basalts at Site 251 and other MOKBs . The 
ear liest lavas erupted at Site 250 are dif-
ferent in composition to MORBs and enriched 
in incompatible elements. These lower ba-
salts apparently originated from a mantle 
source compositionally distinct from that 
providing the later (upper) basalts. We 
suggest that the ear ly, incompatible ele-
ment-enriched basalts may be related to 
the leaky Prince Edward transform fault 
near this site . 
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Basalts at Site 248 in the upper north-
west corner of the Mozambique Basin differ 
from MORBs in composit i on and the apparent 
basement age is too young to have originated 
at the Southwest Indian Ridge spreading cen-
ter . These basalts are incompatible element-
enriched but the relative abundances and ra-
ti os of incompatible elements are different 
from the lower lavas of Site 250. We infer 
that the Site 248 basalts resulted from mid-
plate volcanism caused by local tectonic ac-
tivity about Mid- Cretaceous time. The mantle 
source for these basalts differs from that 
at the Sou thwest Indian Kidge spreading 
center and from that providing incompatible 
element-enriched basalts in the lower part 
of Site 250 . 
Basalts at Site 249 are of an age com-
patible with an origin at the spread ing 
center and have compositional features sim-
ilar to MORBs and·basalts from Site 251 . 
The aseismic Mozambique Ridge thus appears 
to be typical oceanic crust , and it is un-
like aseismic ridges like the Ninety East 
Ridge or Walvis Kidge . 
Supported by: NSF Grants OCE76-
l5858 and OCE76- l5254. 
NITKIC OXIUE FROM NITRITE PHOTOLYSIS IN THE 
CENTRAL EQUATORIAL PACIF IC 
0 . C. lafiriou and M. McFarland 
Sunl ight photolyzes nitrite in seawater : 
No2- + HOH + hv =NO + OH + OH- (Rl) 
We studied nitrite loss and nitric ox-
i de production attributed to Rl in surface 
waters of the equatorial Pacific near 17u" w. 
Net photochemical loss rates of 2-1 5% per 
day were derived from two different types 
of laboratory incubation experiments. The 
net nitrite loss rate in the surface water 
of this region is calculated to average 4 x 
l0-13 moles liter-1 s-1 during the day 
or- 6 x 10-2 moles m-2 y-1 . ' 
Nitric oxide was detected in situ with 
a floating gas-seawater equilib-rator: NO 
was always detectable in nitri te-containing 
seawater duri ng the day, but was undetecta-
ble at night or in nitrite-free water. Near 
sunrises and sunsets the estimated NO vapor 
pressure, PNO(sea), co-varied with the am-
bient UV insolation in air according to: 
log PNo(sea) = ~ log UVair + Q 
Best-fit va l ues to the in situ data indicate 
a- l with r2 > 0.9; simple ki.netic models 
rationalize a values of 0, l/ 2 or 1. 
Uuring the day PNo(sea) averaged - 3. 1 
x 10-8 atm , corresponding to- 4.6 x 10-l l 
~ [NO]aq· The ambient atmospheric PNO was 
- 104-fold lower , implying a substantial 
seawater supersaturation and a sea~ air 
flux. From the stagnant-boundary layer 
model and our measurements we estimate - 2 
x l0-16 moles ~-1 s-1 (- l .3 x 108 molec 
cm-2 s-1) of NO efflux in daylight, an in-
significant NO loss from the sea. The pho-
tochemical NO source and the estimated dark-
reaction sink are, within t~e accuracy of 
the data , in balance . 
These results provide evidence for the 
presence of NO, a free radica l , in surface 
seawater. They substantiate that photochem-
ical reactions produce measurable concen-
trations of reactive intermed iates in sur-
face seawater , and that t hese enter into 
rapid secondary reactions. These processes 
may reach sufficient intensity to provide 
significant effects, such as sea ~ air 
fluxes. 
Supported by : NS F Grants OCE77- 08696 
and ATM78-00997 . 
DETEKMINATION OF TR ACES OF NITRIC OX IDE IN 
AQUEOUS SOLUTION 
Oliver C. Zafi riou and Mack McFarland 
Nitric oxide in aqueous solution (NOaq) 
is determined1 ~apidly and precisely at trace levels (- 10- M) by using a flow system to 
equilibrate it wTth a gas stream and measur-
ing NOq with a sensitive chemiluminescence-
ty~e detector . Calibrating the detector and 
testing the system for adsorptive and arti-
fact effects is accomplished with a standard 
prepared by dynamic dilution . NO-derived 
signals may be differentiated from interfer-
ents using criteria based on the gas/solu-
tion partition coefficient of NO, its low 
boiling point, or reversible formation of 
the Fe(N0)2+ complex. The versatility and 
precision of the tecnnique are illustrated 
with data of environmental interest on t he 
trace-level solubility of NO in water and 
seawater, its reaction on oxygenated solu-
t i on, and its photochemical generation and 
decay in samp les contain in g nitrite. 
Published in: Analytical Chemistry 
52: 1662-1667. 
Support ed by : NSF Grants OCE77-
08696 and OCE79 -09381. 
R A 0 I 0 C H E M I S T R Y 
APPLICATlUNS OF NATURAL 210ps AND 2l0po 
AS GEOCHEMICAL TRACE~S IN THE OCEAN 
Michael P. Bacon, Derek W. Spencer 
and Peter G. ~rewer 
Hecause of their suitable half- lives 
and accurately measurable rates of supply 
to the oceans by decay of parent radionu-
clides, 210Pb and 210Po are important t rac-
ers i n the studies of marine geochemical 
processes that affect the fate of pollut-
ants. Both nuclides have short res i dence 
t imes in t he biologically pr oductive su~­
face layers of the sea. Very low concen-
trations of 210Pb are found i n coastal wa-
ter s, i nd i cating efficient remova l from the 
water co l umn in the coastal environment. 
Vertica l redistribut i on of 210po in the up-
per ocean is evidenced by 210Pof210pb dis-
equilibr i a. The distribution of 210pb in 
the deep sea indicates that chemica l scaven-
ging is controlled by adsorpt i on, by parti-
cles sink i ng in the wat er column and by r e-
action at the sea f l oor. 
Published in : Proc . First Greek/U.S . 
Working Conference on Uce~nography 
Related to Environmental Problems 
(A. P. Griman i s and R. C. Dugdale, 
eds.). Vol. 2 (in press). 
Supported by: DOE Contract EY-76-S-02-
3566. 
GEOCHEMICAL STUDIES SUPPOKTING 
THE U.S. SUBSEA~ED DISPOSAL PROGRAM 
K. L. Erickson, W. E. Seyfr i ed, 
G. R. Heat h, J. L. Krumhansl 
and V. T. Bowen 
Th e important chemical phenomena asso-
ciated with emplacing high-l evel radio-
active waste in subseabed geologic forma-
tions are being identified and experimen-
t ally i nves t igated. Studies of processes 
occurri ng in the hydrothermal environment 
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near the canister have f ocused on sediment-
seawater interactions at e l evat ed tempera-
tures and pressures and the res ulting po-
tent i al effects on can ister, wasteform, 
and radionuclide source ter m. Signi ficant 
changes i n ox idation potential and pH have 
been re l ated to variations in temperature 
and mineralogy. Investigation of phenomena 
occurring in the sediment outside of the 
hydrotherma l environment have focused on 
actinide so l ution chemistry, sorption phe-
nomena, and radionuclide diffus i on r ates. 
Data for several rad ionuclides and sediment 
types are being used to compare predicted 
and exper imental resul t s from di ffusion ex-
periments. Studi es of processes occurring 
near the sed iment - seawater interface have 
emphasized estab li shing a dat a base for 
evaluating the geochemical, physical, bio-
logical, and f lui d-mechan ical mechanisms 
det ermining radionuclide fluxes across the 
interface. 
Published in : Marine Technology (1980). 
Supported by: DOE Contract DE-AC04- 76-
DP00789 . 
PRE- AND POST- DUMPING INVESTIGATIONS 
FOR INAUGURATION OF NEw LOW-LEVEL 
RAD IOACIIVE WASIE DUMP SiftS 
V. T. Bowen and C. D. Hollister 
The dumpin g at sea of low-leve l packaged 
radioactive wastes is provided for under the 
London Dumping Convent i on of 1972; here we 
cons ider the research r equired before a site 
shou ld be used for dumping (and the ant ici-
pated costs), and the research and monitor-
ing program required to identify and to 
quantify any environment al impact of the 
dumping activi ty (and these ant i cipated 
costs). Although other scientific aspects 
are addressed, our emphas i s is upon geolog-
ica l and chemica l var i ables, since we be-
l i eve these have the greatest relevance to 
s i te select i on and monitor ing. The report 
contains a summary, and ranking, of generic 
criteria for accepting a site as suitable 
for dumping, and relates these criter ia to 
the requirements of post - dumping mon i toring. 
A feas i ble program is outlined, and casted , 
to examine candidate areas f or their meeting 
these criter i a; spec i fic research or tech-
nical development s are considered that are 
needed to enable answering quest i ons not 
now within the capab il i ty of investigative 
marine science. Similarly detai l ed consi-
deration is given to post- dump i ng research 
and monitoring needs. It is pointed out 
that the physical and/or chemical effects 
of solid waste dumping may far outweigh the 
radiobiological effects, and that substan-
tial cost savings may be ant ic i pated by 
r ecognizing, and acting on, the fact that 
most of the radioactivity dumped is in a 
small fract i on of the conta i ners . Prov i sion 
for accurate, detailed records of these 
relatively highly radioactive drums, and 
for their l ocation and identification after 
dump i ng wou ld, in the long run both reduce 
the cost of research, or monitor i ng, about 
r ad-was t e di sposal s i tes, and assist us in 
expanding our understanding of such opera-
t ions. 
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Supported by: DUE Contract EY-76-S-02-
3563 and Sandia Laboratories Contract 
13-.2562 . 
RADIONUCLIDE DISTRIBUTIONS IN SEDIMENT 
CORES RETRIEVED FROM MARINE RADIOACTIVE 
WASTE DUMPS ITES 
Vaughan T. Bowen and Hugh D. Livingston 
The concentrations, distr i butions and 
inventories of 55Fe 60co 137cs, 134cs, 
238Pu, 239,240Pu, 241Am, ~44cm and 242cm 
were measured in sediment samples collected 
in 1975- 1976 from some At l antic and Pacific 
sites used by the U.S. from 1946- 1970 to 
dump solidified radioact i ve waste . Cr i teria 
used to dist i ngu i sh waste- contaminated sed-
i ments from fa l lout-contami nated sediments 
i nc l ude deviat i ons of nuclide concentra-
tions, i nventor ies, internucl i de ratios and 
depth distributions . The detection of nu -
clides absent from fal l out is a further in-
dicator. The data set used in comparing 
dumps i te sediment rad ioactivity wi th non-
dumps i te rad ioactivity comes from a popu la-
tion of 11 North Atlantic cores in the depth 
range 2000-4000 m. A further set of 19 cores 
from the centra l North Pacific provides an 
interesting contrast to the data set for the 
shallower sediments closer to t he coasts . 
The principle conclusion drawn from con-
sideration of a large body of data, especi-
al l y for 15 sediment cores from the Atlant i c 
dumps i te, i s that contam i nation is extremely 
localized with respect to the sources from 
which the was t e is believed to or iginate. 
The majority of cores from both dumpsites 
are indistinguishable from populat i ons of 
cores contaminated only by worldwide fall -
out. Clearly, contaminated sed iments from 
both dumpsites show ev idence of i ntroduc-
tion of waste rad ioact i vi ty be low the sed-
iment surface pr i or to subsequent redistri -
bution by in-sediment processes. These 
findings have significance for the selec-
tion and monitor i ng of sites to be used in 
connection with the ocean disposal of rad-
ioactive waste. In particular , the assump-
tion of complete disso l ution of the wastes 
may not be conservative and the localiza-
tion of the released radionuclides in sed-
iments near to their release may have re-
strictive implications related to the bio-
ava i lab il ity of the sediment associated 
nuclides. 
Published in : IAEA International Sym-
posium of Radionucl ide Releases into 
the Mar ine Environment (Vienna, 6- 10 
October, 1980). 
Supported by: DOE Contract EY- 76-
C-02-3563; EPA Contract 68-01-3986; 
and Sandia Laboratories Contract 13-
?.562. 
SPIKED SAMPLE STANDARDS: THEIR USES AND 
DISADVANTAGES IN ANALYTICAL QUALITY CONTROL 
Vaughan T. Sowen and Herbert L. Vo l chok 
St andard samples, that is, matr i ces con-
taining precisely-known concentrations of 
various nuclides, are necessary adjuncts to 
any ana lytical quality-control program. In 
general, we prefer the use of "natural mat-
rix standards," samples into which the rad-
ionuc l ides have become incorporated under 
natural conditions and over as long a time 
span as possib le. Under some circumstances, 
however, rea l advantages are offer ed by 
"spiked sample standards ", samples to which 
the isotope of interest has b~en added in a 
precisely-known amount at the time of pre-
paring the standard. It is our purpose to 
discuss the advantages and disadvantages of 
spiked standards and to contrast them with 
those of natural matrix standards, as well 
as to discuss the preparation of the former 
c l ass of standards and the evidence support-
ing our recommendation of caution in their 
use. 
In general, spiked standards offer ad-
vantages of low cost of preparation, of ad-
vance assurance that the amount and chemical 
form of the radioisotopes added are known, 
and of the possibility of preparation of 
unnatural matrices, or of nuclides that are 
to be expected but not yet to be found in 
nature. The most sa l ient disadvantages of 
spiked standards derive from the usual un -
certainty concerninq the concentration of 
any radionuclides in the matrix before spik-
ing and from the difficulty of insuring that 
there wi l l be no difference in analytical 
behavior between the spike and the same 
isotope that has become incorporated in the 
matrix under natural conditions. Cons ider-
at i on of these advantages and disadvantages 
leads to identification of a list of special 
problems for which spiked standards may be 
advantageous and of a l ist of precautions 
i nd i cated i n the interpretation of the re-
sulting data . The arguments against the 
general app l icability of s piked standards 
appear overwhe lming. 
Publi shed i n: Environmen t Inter nat iona l 
3: 365-376 . 
Supported by : DOE Contract EY- 76-C-
02 -3563 and Sandia Labo ratories 
Contract 13- 2562. 
A 22-FOOT PO~TABLE RESEARCH CATAMARAN: 
tiACKGROUNU , DESIGN, ANU USE TO DATE 
John C. Hurke, William R. Clark, 
Merri l l Heit and Herbert L. Volchok 
We describe the adaptation of a 22-foot 
(6 . 7 m) l ong commercial catamaran as are-
search vesse l , and its use on several lakes . 
The boat is 12 feet (3.65 m) wide bu t is 
part i al ly di sassemb led dur i ng transport and 
can be t railered in t o remot e areas . Samp-
l ing gear, e .g., a 21-cm diameter sed iment 
corer, i s lowered thro ugh a central deck 
open i ng usi ng a gasoli ne powered winch. In 
1979 t he vesse l was successful ly used in a 
wide variety of lakes in the southwestern 
and northeastern United States . Sampling 
operations are described for each lake, 
includ i ng some that are quite remote. 
Publ ished in: DOE Report EML -381, 
October 1980 . 
Supported by: DOE Contract EY- 76- C-
02- 3563. 
TRIPOD MODIFICATION OF 
SPHINCTER CORER: CONSTRUCTION, OPERATI ON , 
CORE EXTRUSION AND SAMPL ING EFF ICIENCY 
Joh n C. Burke , Robert E. rl ambl i n 
and Susan A. Casso 
A 21-cm diameter sphincter corer has 
been modified by mount ing i t i n a tri pod 
frame. This modificat i on resul t s in more 
dependable recovery of undisturbed surfi-
cial sediment and qreater penetration into 
firm sediment . The device is useful in wa-
ter depths from 2-6000 m, is adaptab l e for 
use on small boats, is very easily empl oyed 
on l arge research vesse l s and can be read-
i ly disassemb led for more convenient trans-
port ing and storing. 
Supported by : DOE Contract EY- 76-C- 3563 
and US NRC Con t ract NRC-04-767- 349. 
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THE O~IGIN AND DEPOSITION HISTORY OF TRACE 
ELEMENTS AND POLYNUCLEA~ AROMATIC HYDRO-
CARBONS IN TWO REMOTE LAKES IN THE 
ADIRONDACK ACID RAIN RtGION 
Merri l l Heit , Yulin L. Tan, 
Catherine S. Clusek , Herbert Volchok 
and Joh n C. Burke 
Two sed iment cores were taken from the 
remot e woods and Sagamore Lakes locat ed in 
t he Adirondack ac id rain reg ion of New York 
Stat e and analyzed f or 3-7 ring po lynuclear 
aromatic hydrocarbons (PAH) and Ag , Al, As, 
Be , Cd , Cr , Cu, Hg, Ni , Pb , Se , Sn , Tl, V 
and Zn . Al l of the measured parental PAHs 
except perylene , and several of the ele-
ments inc l uding Pb , were found to have sig-
nificantly increased in the sediments of 
both l akes compared to the i r natural inte-
grated deposits (ng/cm2) and their back-
ground concentrations (~g/g dry weight) . 
Anthropogenic combustion origins are as-
cribed to most of the PAHs and elements 
measured. All the anthropogenic species 
decreased in concentration wi t h depth while 
bi ogen ic or crustal spec ies remai ned fairly 
const ant. Pery lene increased and then de-
creased with dept h. Dat a are presented which 
i ndicate that a reg i on- wide deposi t ion of 
long- distance at mospher i ca l ly t r ansported 
pollutants has taken place wi th i n the Adi-
rondack acid rain region . 
Published in : DOE Report EML-381, 
October 1980. 
Supported by: DOE Contract EY - 76- C-
02-3563. 
ON T~ANSIENT TRACE~ OCtAN MODELS 
Will i am J . Jenkins 
The assumptio ns impl i cit in oceanic ad-
vection- di ffus i on models entail a decompo-
s i t i on of t he Reynolds f l ux (covar i ance) 
terms i nto flu id-dependent and concentra-
t i on-dependent ter ms. This reduct ion is not 
generally compatible wi th the basin-wide 
horizontal integration entailed i n the ap-
plicat i on of one- dimensional advection-dif-
fusion models and results i n parameters 
(Kv and w) which are tracer dependent. In 
addition , applicat i on of "principles " de-
veloped using one-dimensional steady-state 
tracer analysis leads to erroneous results 
when applied to trans ient tracers . 
Supported by : NSF Grant OCE79 - l9~15 . 
PHYSICAL OCEANOGRAPHIC CHAKACTERISTICS 
INFLUENCING THE DISPERSION OF DISSOLVED 
TRACERS RELEASED AT THE SEA FLOOK IN 
SELtCTED DEtP OCEAN STUDY AREAS 
Stuart L. Kupferman and Douglas E. Moore 
Scenarios , which follow the develop-
ment in space and time of the concentra-
tion field of a dissolved tracer released 
at the sea floor , are presented for a Pa-
cific and two Atlantic study areas. The 
scenarios are closely ti ed to available 
data by means of simple analytical mod-
els and proceed in stages from short time 
and space scales in the immed i ate vicinity 
of a release point to those characteristic 
of ocean basins. The concepts of internal 
mix ing time and residence time in the ben-
thic mixed layer, useful for developing an 
intuitive feeling for the behavior of a 
tracer in this feature , are introduced and 
discussed . We also introduce the concept 
of domain of occupation which is useful i n 
draw ing distinctions be tween mixing and 
stirring in the ocean . 
From this study it is apparent that re-
liably estimating mix ing will require care-
ful consideration of the dynamics of the 
eddy fields in the ocean. Another area in 
which more information is urgently needed 
i s in the relation of deep isopycnal struc-
ture and bottom topography to local near-
bottom circulation. 
Supported by: DOE throuqh Sandia Lab-
oratories Contract 13-2562 . 
THE DISTRI~UTION OF HELIUM IN OCEANIC 
~ASALT GLASSES 
M. D. Kurz and W. J. Jenkins 
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We have determi ned the concentrations 
and isotopic composition of helium in oce-
anic basalt i c glass both by melting and by 
crushing in vacuo . A significant fraction 
of the hellu~released by crushing, con-
firming that it res ides within the vesic l es. 
Comparison of volume percent vesicles to the 
fraction of helium contained in the vesicles 
gives qualitative agreement with experimen-
tal gas-melt partitioning studies. Measured 
concentrations are therefore, a function of 
orig inal helium content , magmatic history , 
vesicle size and quantity, and grain size 
ana lyzed. Helium released by crushing is 
isotopically indistinguishable from that 
contained in the glass. Diffusion rates 
for helium in basaltic glass (in the tem-
perature range 125• to 4oo·c) determined 
using the method of stepwise heating , 
yielded an activation energy of 19 .9 + 
1 Kcal/mole and ln o· = -2 . 7 + .6 (cgs 
units). Extrapolation of these results 
to ocean floor temperatures (O.C) gives a 
diffusiv ity of 1.0 + .6 x 10- 17 cm2/sec , in-
dicat i ng that diffusion is an insignificant 
mechanism f or helium l oss from fresh basa l-
tic glasses . The 3He/4He ratios are remark-
ably constant (at 1. 10 ~ . 03 x 10-5) for 
samples from the Mid-Atlantic Ridge (FAMOUS 
area and 23.N) , the Juan de Fuca Ridge , the 
Galapagos Spreading Center, the Mid-Cayman 
Rise , and the Central Indian Ridge . This 
result is interpreted in terms of similar 
geochemica l histories wi t hi n the source 
regions for these samples. 
Supported by: NSF Grant EAR77 - 23170 and 
USGS Contract 1408- 0001 - G541 . 
TIME PATTERN OF OFf-SITE PLUTONIUM 
DEPOSITION FROM ROCK fLATS PLANT BY LAKE 
SEDIMENT ANALYSES 
Hugh D. Liv i ngston and John C. Burke 
A sediment core from a lake downwind of 
the Rocky Flats Plant , where nuclear weapons 
components are produced , was used to recon-
struct a time pattern of off- site plutonium 
deposition . Core sections were dated by an-
alyses of 137~s . 239 ,240Pu , 238ru 24 1Am 
fallout from nuclear testing and Z38pu fa ll-
out from a sate l lite fai l ure. A peak in 
transuranic concentrations occurred in late 
1969 which was attributable to the Plant . 
This was confirmed by mass isotopic analy-
sis of plutonium i sotopes in selected core 
segments where global fallout and Plant 
contributions could be differentiated. The 
18 nCi 239 , 24lpu per m2 from the Plant that 
had accumu lated in the sediment is reasona-
ble when compared to soi l analyses. 
Publ i shed in: Environment International , 
4: 21 - 30 . 
Supported by: DOE Contract EY-76-S-
02- 3563 and EY-76 -C-02-3568. 
PLUTONIUM UPTAKE BY MARINE PHYTOPLANKTON 
IN CULTURE 
Nicholas S. Fisher , Brenda L. Olson 
and Vaughan T. Bowen 
At environmentally realistic atom con-
centrations 237Pu tracer was used to exam-
ine Pu uptake by unialgal cultures of 
Thalassios ira pseudonana ( l i ve and dead), 
Thalassiosira sp., and Platymonas sp., as 
wel l as by glass particles. Li ve or dead 
cells and glass particles accumulated Pu 
at similar rates, indicating initial up-
take was a pass ive phenomenon. Uptake 
was strongly affected by the nature of 
particle sur faces, but much less by com-
pos i tion of the med i a. Ce ll s from ra-
pidly growing cultures took up more Pu 
t han did those from late l og or senescent 
cultures. Ac i d-washed glass took up more 
Pu, fas t er, t han did unwashed glass. From 
UV-treated seawater, cel l s accumu lated 
more Pu than from seawater untreated or 
enr i ched with f/50-l eve l EDTA or f/ 50 
vi tam in s; from compl ete f/50 medium up-
take was even less, as wi t h f/50 trace 
metals + EUTA. After a short upt ake Pu 
was 25% removab le in tracer- free media, 
but af ter 3 d uptake none was removable 
in seawater or exometaboli te media, and 
on ly 15% in f/50-level EDTA. The data 
support the hypo t hes i s that Pu in marine 
env ironmen t s associate~ with suspended 
particles that cou ld act as vert ical vec-
tors for this element. 
Supported by: DOE Contract EY -76-
C-02-3563 . 
MODELS OF THE UISTRIBUTION OF 21 0PB IN A 
SECTION ACROSS THE NORTH EQUATORIAL 
ATLANTIC OCEAN 
Derek W. Spencer, Michael P. Bacon 
and Peter G. Brewer 
C- 12 
The def iciency of 210Pb re lat i ve to 
226Ra in th e world ' s deep ocean is well 
documented, and the overall r esi dence time 
of 210P b has been ca lculated to be about 
15-100 years . It has been assumed, gener-
al ly , that the removal mechanism i s one of 
i n s itu adsorption on sett ling part icles, 
bu t Bacon et al. (1976) suggested that a 
boundary scavenging process with diffusive 
and advect i ve f luxes of 210Pb from the 
interi or ocean may be a s i gn ificant factor. 
In this contr ibut i on we examine some two~ 
dimensiona l models of 210pb in a section 
across the North Atl ant i c Ocean at l5.N. We 
show that iat i sfactory fits to the 210pb 
distr i bution may be obtained with (l) a 
model that inc ludes both boundary scaveng-
i ng and in situ adsorpti on with a constant 
adsorp tion rate constant or with (2) a model 
that has no boundary scavengi ng but allows 
the in situ adsorption rate constant to be 
a funct ion of distance fr om the boundary. 
We have calculated the interi or and bound-
ary flu xes of 210pb required of each model 
and suggest that the bo undary f luxes are of 
a magnitude to be compat i bl e with Fe and Mn 
redox cycling i n slope and shel f sed iments 
but that the variations i n the in situ ad-
sorpt ion fl ux are difficu l t to explain in 
terms of the known di str i butions of fine 
parti cles . We suggest that the boundary 
scavenging process i s a function of the 
flux of Fe+2 and Mn+2 fr om anox ic sediments 
accompanied by rap id ox idation and precipi-
tation in the boundary mixed layers. 
Th e boundary fluxes calculated for model 
( l) amount to 2-8 dpm cm-2 yr-1 for slope 
and shelf sedi ment s but only about 0.04 dpm 
cm-2 yr- 1 for the deep ocean bottom bound-
ary. The bottom boundary f lux in the deep 
ocean is smal l and wou ld not be detectable 
above the large particle flux of about 
0.7 dpm cm-2 yr- 1 contributed by bi ologica l 
removal from the ocean surface. 
Pu blished in: Journal of Marine Research 
(in press). 
Supported by: DOE Contract EY-76-
S-02- 3566. 
THE DISTRIBUTION OF 210PB AND 210Po 
IN THE NORTH SEA 
Derek W. Spencer , Michael P. Bacon 
and Peter G. Brewer 
The activity of 210pb i s shown to be 
strong ly depleted in waters of t he North 
Sea. Such depletion, r e l ati ve t o the parent 
isotope 226Ra, appears to be a consisten t 
featu r e of coasta l waters. Fur ther, 210Po, 
a 138- day half-life isotope and the grand-
daughter of 210Pb, is f requentl y present 
in excess of 210Pb . In this contri but ion 
we discuss the distribution of these iso-
topes and show that t he North Sea shelf is 
a strong sink for 210Pb. Us ing a random 
walk model, we demons trate that our dat a 
are cons i st ent with a mode l that balances 
i nputs from radioactive decay, atmospheric 
(210Pb only) sources and diffusive fluxes 
from the open ocean surface with removal by 
biological uptake, bottom scaveng ing (of 
210P b), and radiocat ive decay. 
Published in : Thalassia Jugoslavica. 
Support ed by: DOE Contract EY-76- S-
02- 3566. 
AN EVALUATION OF 4Het 222Rn RATIOS AS A 
DAT ING METHOD FOR GROUNDWATER 
AND OTHER PORE FLUIDS 
Th omas Torgersen 
The use of accumu lated 4He in pore flu-
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ids as a groundwater (and pore fluid) dating 
tool is evaluated. 222Rn activity is used 
to quantify the production rate and results 
in a simplified age equation. The dependent 
term in the model age equation is the 4He/ 
222Rn r atio and an independent term fl can 
at present be only loosely contained. 
The method i s applied to deep- sea sed i-
ment porewater and gives good agreement with 
known sediment parameters. For cold springs 
and geothermal well gases, however, the mo-
del age is much too large due to the addi -
tion of trapped helium by chemical weather-
ing of rock grains. It is concluded, there-
fore, that as an absolute pore fluid dating 
method, accumulated 4He does not present a 
simple case fo r age determi nat ions. The 
4Hef222Rn ratio, however, does contain sig-
nificant hydrologi c information. 
Supported by: USGS Contract 1408-
0001 -G- 541. 
COMPARISON OF THE 222 Rn and 3He GAS 
EXCHANGE METHODS IN A SMAL L LAKE 
T. Torgersen, Guy Mathieu, Ray Hesslein 
and Wallace Broecker 
A direct field intercomparison of the 
gas exchange coefficient dependency on dif-
fusion coefficient of the particular gas 
was conducted. Gas exchange coefficients 
for 222Rn and 3He were determined using a 
226Ra and 3H sp ike in a northern Ontario 
lake . Measurements were made in the lake 
and in a limno-corral. The measurements 
indicate a gas exchange coefficient depen-
dancy on diffusion coeffbcaant raised to 
the 0.88 ~ 0.07 (kx a Dx · ). This more 
c learly supports the stagnant film mode l 
enhanced by a factor of approximately 1.5 
relative to the whol e lake. 
Supported by: NSF Grant OCE76-81774. 
0 R r, A N I C A N D 
B I 0 L 0 G I C A L C H E M I S T R Y 
AN OVERV I EW OF THE BIOGEOCHEMISTRY OF FOSSIL 
FUEL HYD ROCARBONS IN THE MARINE ENVIRONMENT 
John W. Farrington 
Analyses of hydrocarbons in the aquatic 
environment are reviewed within t he context 
of biogeochemical research . Intercalibration 
of ana lyses of hydrocarbons in surface sedi-
ments shows discrepancy among data reported 
by different laboratories by as much as a 
factor of 30. Chroni c release of fossil 
fuel compou nds to the marine environment 
from fossi l fuel combustion , sewage sludge, 
and harbor dredge spoi ls is discussed. Ex-
amples cited and discussed include studies 
of New York Bight surface sed iments and mus-
se l s and oysters f r om t he U.S. East and Gulf 
Coasts using glass cap illary gas chromatog-
raphy-mass spectrometer-computer systems an-
alyses of aromatic hydrocarbons. Recommenda-
tions for future studies are presented and 
range from "bench chemistry" solubility 
studies to studies of the global transport 
of hydrocarbons by aeolian and fluvial pro-
cesses . 
Published in : Advances in Chemistry 
Series, No. 185 , Petro l eum in the 
Mar ine Environment. 
Supported by: DOE Contract EE-77-S-02-4256; 
BLM by Interagency Agreement IA7-20; and 
EPA Grants 804215 and R-803902020 . 
UNDEKWAY MEASUREMENT OF ORGANIC MATTER IN 
SEAWATER: REVIEW AND PROGNOSIS FOR THE 
FUTURE 
John W. Farrington 
Marine organic geochemistry has achieved 
a high degree of sophi sticat ion in the anal-
yses of trace amounts- l0-9 g/ l iter of or-
ganic compounds in seawater: both naturally 
occurring and pollutan t compounds. At pre-
sent these analyses generally require rather 
cumbersome work-up at sea and transport of 
extracts t o the laboratory . There are ex-
ceptions: CH4 and UV fluorescence analyses 
for chlorophyll pigments and petroleum aro-
matic hydrocarbons can be accompl ished with 
towed systems down to at l east 100 meters. 
Ocean eng ineering efforts have progres-
sed where i t is feasible to integrate ana-
lytical organic chemistry instruments with 
in s itu pump i ng systems and achieve in s itu, 
or at least on- board analyses for many or-
ganic compounds . These should be tested in 
the next few years. Organic compounds con-
tain a vast amant of i nformation about geo-
chemi ca l and biological processes in the 
marine environment. Some naturally occur-
ring compounds and pollutant compounds 
shou ld be good tracers of biogeochemical 
processes . At present the data base is 
limited and we have only a glimpse of the 
power of these tools for geochemical re-
search. However, the prognosis is good. 
Published in: Proceedi ngs from the 
Seminar/Workshop on Underway Water 
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Sampling Technology . Marine Board, 
National Research Council , Washington, 
DC (in press). 
Supported by: ONR Contract N00014- 79 -
C- 0071. 
FOSSIL FUELS 
John W. Farrington, Juan Albaiges , 
Kathryn A. Burns, Bruce P. Dunn, 
Peter Eaton, John L. Laseter, 
Patrick L. Parker and Steven Wise 
The use of bivalves as sentinel organ-
isms fo r detecting pollution of coastal 
areas by foss i l fuel compounds is reviewed. 
Specific examples f rom the U.S. , Canadian, 
and Austra l ian coasta l areas are given as 
illustrations of both the advantages and 
the constraints of the bivalve sentinel or-
gani sm approach. The relationship between 
hydrocarbons in the habitats of bivalves is 
discussed. Analyti ca l problems and data 
interpretation problems are discussed in 
detail. 
Published in: The International Mussel 
Watch, National Academy of Sciences, 
Wa shinton, DC, 1980, Chap . 2: 7- 77. 
Supported by: EPA Gra nt CR-8071 81010. 
EXPERIMENTAL STUDIES OF HYDROCARBONS IN 
BENTH IC ANIMALS AND SEDIMENTS 
John W. Farr ington, John M. Tea l 
an d Bruce W. Tripp 
We have constructed a chamber whi ch en-
closes sediment, water, and animals for ex-
perimentally studying the ro le of animals 
in the distr ibuti on of organic pollutants 
i n and between biota, water and sediments . 
We have looked mainly at polycyclic aroma-
tic hydrocarbons (PAH) in the molecular 
weight range between naphthalene and py-
rene and at polychlorinat ed biphenyls 
(PCBs). We have also examined the dis-
t ribution of these compounds i n coastal 
environments. In both "c lean" and "po l-
luted" sites there is a distinct differ-
ence between the relat i ve concentrated i s-
omer , with the heavier mo lecu l ar weight 
compounds, in general , more concent rated 
within the fauna vs. t he sed iment . The heav-
ier mo lecu lar weight, more chlor inated PC~s . 
whi ch are metabol i zed very slowly by organ-
i sms , are more concentrated in animals com-
pared to sediments than are the aromat ic 
hydrocarbons . Dur ing in situ experiments , 
fauna took up relative ly large amounts of 
spiked , lighter aromatics i n the first few 
days . These were lost again in experiments 
lasting over two wee ks . In a 16-day experi-
ment on ly 3~ of added fluorene was recov-
ered, compared to 32% of added pyrene . The 
ratio of fluorene in sediment to anima l s at 
the end of the experiment was 825 , compared 
to 80 for pyrene. Results to date indi cate 
an inverse corre lat ion between long-term ac-
cumulat ion of compounds by animals i n rela-
t i on to sediments and the ease with which 
these compounds are metaboli zed and/or ex-
creted by organ i sms. 
Pub lished i n: Internat ional Assoc . for 
the Physical Sciences of the Oceans 
(IAPSO), Sympos i um PS-9 on Marine 
Pol lution Transfer Processes, Decem-
ber 1979 , Canberra , Australia . 
M. Wald ichuk (ed . ) (in press) . 
Suppor ted by: DOE Contract EE- 77 -S-02-
4256 and BLM throuoh Interagency 
Agreement IA7- 20 . 
DETAILEQ CHEM ICAL ANALYS IS OF IXTOC I 
CR UDE OIL 
AND SELECTED ENVIRONMENTAL SAMPLES 
~ROM THE RESEARCHER AND PIERCE CRU ISES 
E. B. Overton , L. V. McCarthy, 
S. W. Mascarel la, M. A. Maberry, 
S. R. Anto i ne , J . W. Farr i ngton 
and J . L. Laseter 
Preliminary observations resulting from 
the ana lysis of IXTOC-I crude oi l samp l es 
(fresh oil, we athered oil, se lected envi ron-
mental samples , and photochemical ox idat ion 
products) are described . The aromatic hy-
drocarbons (inc l uding sulfur- and ni trogen-
containing aromatics) are l i st ed , and it is 
noted t hat oil and source samples were gen-
erally devoid of oxid ized aromat ics . The 
pre liminary interpretations of this inves-
tigation result fr om one portion of the 
IXTOC-I study and wi ll be in tegrated with 
other portions prior to f inal in t erpreta-
ti on and publication . 
Supported by: NOAA Contract NA79RA-
C00145 . 
PHOTOCHEMICAL OXIDATION IXTOC- I OI L 
Edward B. Overton, John L. Laseter , 
Wayne Mascarel la, Christine Raschke , 
Ileana Nuiry and John W. Farrington 
Preliminary results of s imulated weath-
eri ng experiments of IXTOC- I crude oil are 
presented . Initi al i nterpretation of these 
results suggest that oxygenated compounds 
are formed by simultaneous photochemical 
and microbial degradation processes. Dif-
ferences in the relative distributions 
within compound classes demonstrate that 
reaction pathways are specific for a par-
ticular reaction. The preliminary interpre-
tations of this investigation result from 
one portion of the IXTOC-I study and will 
be integrated with other portions prior 
to final interpretation and publication. 
Supported by: NOAA Contract NA79RA-
C00145. 
THE MISSION OF THE SEPTEMBER 1979 
RESEARCHER/PIERCE IXTOC-I CRUISE AND 
THE PHYSICAL SITUATION ENCOUNTERED 
Donald K. Atwood, John W. Farrington 
and John A. Ben j am in 
An overview of the two-ship cruise to 
the IXTOC-I oil spill in the Gulf of Mexico 
is presented as an introduction to the June 
1980 workshop at which preliminary results 
of the IXTOC-I study were discussed. The 
physical si t uat ion encountered during the 
spill is described and the overall strategy 
and goals of the cruise are summarized . 
Supported by: NOAA Contract 
NA79RAC00145. 
BIOGEOCHEMISTRY OF BENZANTHRACENE IN AN 
ENCLOSED MARINE ECOSYSTEM 
Kenneth R. Hinga, Michael E.Q. Pil son 
Richard F. Lee, John W. Farrington, 
Kjell Tjessem and Alan C. Dav i s 
C-15 
Carbon-14 labeled benz[ajanthracene was 
introduced into a large-sca le marine micro-
cosm containing an ecosystem functioning in 
a manner that was in many respects typical 
of the sha llow coastal waters of the north-
eastern United States. The rad iotracer label 
made it possible to follow the removal of 
benz[a]anthracene and labeled metabolites 
from the water co lumn, their appearance and 
mixing into the sediments, and the produc-
tion of l4co2 for 230 days. At the end of 
the experiment 29r, had been respired to C02, 
while the remaining extractable activity 
(43%) was even ly divided between parent 
compound and intermediate metabolic 
products . 
Published in: Environmental Science and 
Technology, 1980, 14, 1136. 
Supported by : EPA Grant R-80607202 . 
ATMOSP HERIC TRANSPORT OF CONTINENTALLY-
DERIVED LIPIDS TO THE TROPICAL NORTH PACIFIC 
Robert B. Gagosian, Edward T. Peltzer 
and Oliver C. Zafiriou 
One of the main objectives of the SEAREX 
Program has been to determine the sources 
and fluxes of atmospheric particulate mat-
ter found in the oceans. One approach we 
have taken in accomplishing this objective 
has been to collect atmospheric particulate 
matter from 20 m towers in the northern and 
southern trade winds regime and to analyze 
thi s material for organ i c and inorganic 
components which provide source marker in-
formation for terrestrial; marine or atmos-
pheric reaction inputs. The first such ex-
periment was conducted in the northeast 
trade winds on Bokandretok Island, Eniwetak 
Atoll , Marshall Islands, from April to 
August, 1979. 
The results of this investigation re-
vealed a large number of cont inentally-de-
rived parti~ulate organic compounds. Over 
the five-month period, a factor of 3-7 de-
crease was found for the organic compounds 
indi cative of terrestrial origi n (C2o-C36 
odd chain n-alkanes; C2o-C32 even chain 
fatty alcohols and fatty acid esters and 
sal ts ). Ratios of Fe/Al, Sc/Al and Mn/Al 
were found to be very s imi lar to mean crus-
tal ratios. The atmospheric aluminum con-
centrati on (used as an indicator of contin-
ental dust) decreased by a factor of 50 
over the course of the experiment. 
Meteorological and climatological stud-
ies show that large amounts of dust from 
China were probably transported durinq April-
~ay into the Eniwetak area by a very strong 
westerly flow of wind at 700 mb fo llowed 
by a subsidence into the trade winds 
east of Eniwetak. 
Published in: Nature (in press). 
Supported by: NSF Grant OCE77-
l2914. 
VERTICAL TRANSPORT OF STEROID ALCOHOLS AND 
KETONES MEASURED IN A SEDIMENT TRAP EXPERI-
MENT IN THE EQUATORIAL ATLANTIC OCEAN 
Robert B. Gagosian, Steven 0. Smith 
and Gale E. Nigrelli 
The vertical flux and free stero id al-
coho l (sterol) and ketone composition of 
particulate material was determined using 
sediment t raps deployed at 389, 988, 3755 
and 5068 m at a stat ion in the equator ial 
North Atlan tic , PARFLU X E. Cholest-5-en-
3s-ol (cholesterol) was found to be the 
dominant ster ol in all the traps. Th i s 
compound had a maximum fl ux at 988 m, ac-
counting for more t han 90% of t he stero ls 
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at th i s depth . Inputs from mesopelag i c zoo-
plankton popu lat i ons living in or migrating 
to depth between the 389 and 988 m traps ap-
pear to be responsible for this distr ibu-
t i on. The deeper two traps exhib i ted an in-
creased flux of phyt osterols relat i ve to 
cholesterol, probably due to (a) t he incor-
poration of labi l e phytoplankton remains in 
fecal pellets and rap id transport into the 
deep sea and (b) di fferential dissolution 
of heterogeneous l arge part icl es. A maximum 
of 5-22% of t he st erols produced in the eu-
photic zone were present in t he 389 m trap. 
Thi s value drops to less than 1% fo r the 
5068 m trap, 200 m above the sediment sur-
face. 
In general steroid keto ne fl uxes gradu-
al ly oecreased with depth. ~4-Stenone s were 
found in greater abundance than the ir satu-
rated counterparts. Cholest-4-en-3-one was 
the major stero id ketone de tected i n all the 
traps . A five-fo ld increase with depth in 
the cho lest-4-en-3-one to cholestero l ratio 
i s most likely due to (a) microbia l oxida-
tion of stero l s t o stero id ketones, (b) 
higher ~4-stenone inputs relative to ster-
ols from organisms, or ·(c) f aster r at es of 
ster ol degradation relative to ster oid ke-
tones. The relative importance of t hese 
processes is discussed. 
Supported by: NSF Grant s OCE78-26084, 
OCE80-25352, and OCE77 -27004; and 
ONR Contract N00014- 74-C- 0262 NR-
083-004. 
USE OF MICROBIAL ENRICHMENTS FOR THE 
STUDY OF THE ANAEROB IC DEGRADATION 
OF CHOLESTEROL 
Craig D. Taylor, Steven 0. Smith and 
Robert B. Gagosian 
To demonstrate the potential of model 
microbial assemb lages in studies of the bi o-
geochemistry of complex organic molecules, 
anaerobic microbial enrichments capable of 
degradi ng choles terol have been constructed 
from marine sediment sources . Th e bacterial 
enrichments ac ti vely mineralized the C- 4 
nucle us of the cholesterol rin g system to 
carbon dioxide when ni trate was present as 
the terminal el ectron acceptor. Nitrite 
was found as an intermed i ate in the reduc-
tion of nitrate , indicat ing t he presence of 
deni trify ing bac t eri a in the enrichments . 
When sulfate was supp l i ed as the so le elec-
tron acceptor act i ve dissimilation of chol -
es t erol was not observed. In enrichments 
conta ining 5 mM ni trate, 95-98% of the ad-
ded cholesterol was recovered as carbon 
dioxide (2- 5%), transformation products 
(20-30%}, or as the unmodified st ero l (70-
80%). Cholestero l transformation pr oduc ts 
t hus far ident i fied i nclude 5a- and 5s-
cho lestan- 3s- ol, Cho lest-4- en- 3- one, 5a-
androstan-3, 17-di one, and 4- androsten-3, 
17 di one. There is indirect evidence to 
suggest the presence of multihydroxylated 
stero l s and non-st ero id in termed iates. 
Supported by: NSF Grants OCE77-
26084, OCE79-25352 and OCE79-
l9264. 
VO LATILE HYDROCARBONS AND HALOMETHANES 
RELEASED FROM BENTHI C ALGAE AND SEAGRASS 
Ph ilip Gschwend and Joy A. Ge i selman 
Several species of benthic algae and a 
seagrass were batch incubated to estimate 
the ir rel ease rat es of vo latile hydrocar-
bons and halomethanes in seawater . Satur-
ated and unsaturated hydrocar bons and di-
and trihalomethanes were released at rates 
which may account for the concentrations of 
t hese vo lati l e organ ic compounds in coastal 
seawater . Cert ain of these compounds may be 
i nvolved in alle lochemi c interac ti ons be-
tween species . 
Supported by: NOAA Sea Gra nts 
04-7-1 58-44104 and 04-8M01 -149 ; 
and NSF Grant OCE78-11 573. 
FORMATI ON OF c4~c7 HYDROCARBONS FROM 
BACTERIAL DEGRADAT IO N OF NATURALLY 
OCCURRING TERPENO IDS 
Joh n M. Hu nt , Ro bert J. Mi ll er 
and Jean K. Whelan 
We have r ecently f ound many ligh t hydro-
carbons, both alkanes and a l kenes, in trace 
amounts (ng compound per g sediment) in Re-
cent marine sediments. These hydr ocarbons 
are beli eved t o or iginate from both biolog-
ical and l ow-temperature reactions in the 
sed iments . Understanding thei r mechan i sm 
of formation may al low use of these com-
pounds to decipher the past biologi ca l and 
therma l history of the sediments. To in-
vestigate biological or igins , we have cu l-
tivated mixed popu lations of bact er ia on 
natura l terpenoids and f ound, as degrada-
tion products, both a l kanes and alkenes in 
the C1-C7 range; this i s the first report 
of C4-C7 hydrocar bons being formed from mi-
crob ial act i viti es. Aerob i c f ollowed by an-
aerobic degradat i on yielded ma i nly small 
amounts of stra ight- cha i n alkenes. No such 
products resu l ted from blanks or controls. 
The results are consistent wi th products 
observed in natura l environments . 
Pub l ished in: Nature 288 : 577-578. 
Supported by: NSF Grant OCE79-
19861. 
GENESIS OF PETROLEUM HYDROCARBONS 
IN MARINE StDIMENTS 
John M. Hunt, Jean K. Whelan 
and Alain Y. Hue 
Distri bution patterns of isopentane and 
normal pentane in marine sed iments show a 
reversal in slope at a subsurface tempera-
ture of about 9o·c. The data indicate that 
three types of reactions are involved in 
pentane formation: (i) biolog ical or igin at 
the sediment surface, (ii) low-temperature 
(< 90.C) chemical reactions yielding 
predominately secondary car bon structures 
and (ii i ) high-temper ature (> 90.C) crack-
i ng reactions at great depth yield ing pre-
dominately straight carbon chains . 
Publi shed i n: Sc ience 209 : 403-404. 
Supported by: NSF Grant OCE79-
19861 and DOE Co ntract EG-77-
S- 02-4392. 
GENERATION OF LIGHT HYDROCARBONS 
IN SEDIMENTARY ROCKS 
J . M. Hunt , A. Y. Hue and J . K. Whelan 
Evidence is presented that the time-
temperature conditions for the generation 
of petroleum hydrocarbons from the organic 
matter of sedimentary rocks depends upon 
their molecu lar structure . Hydrocarbons 
with quaternary carbon atoms are formed 
much later at higher temperatures than 
those wi th tertiary carbon atoms . 
Supported by: DOE Contract EG-77-
S- 02-4392 . 
A. Y. Hue and J . M. Hunt 
The hydrocarbon content of two thick 
tertiary sequences from the offshore Gulf 
Coast (South Padre Island and Mustang Is-
land) was studied using a headspace tech-
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nique , thermal disti l lation, pyrolysis and 
solvent extraction. The threshold of oi l 
generat ion was determined to occur i n the 
range of 3050 m (10,000 ft; 120.C) i n·Mio-
cene sediments. 
In the South Padre Island well, the 
di stribution of the different c l asses of 
hydrocarbons along the sedimentary column 
suggests some updip migration processes are 
occurri ng. 
Publ i shed in : Geochimica and Cosmochimi ca 
Acta 44: 1081-1089 . 
Supported by : DOE Contract EG- 77 -S-02-
4392 . 
c1-c8 HYDROCARBON IN IPOD LEG 63 SEDIMENTS: 
--OUTER CALIFORNIA AND BAJA CALIFORNIA 
BORDERLANDS 
Jean K. Whelan and John M. Hunt 
Low t emperature diagenetic reactions 
(less than 50.C) are bel ieved responsible 
for generat ion of small amounts of C1 - C3 hy-
drocarbons (less than 100 ng hydrocarbon/g 
dry weight of sediment) at outer continen-
tal shelf Sites 468 and 469 (subbottom depth 
415 m and 454 m, respectively) . In contrast , 
Site 471 shows an exponential r i se in hydro-
carbon yie lds at depths greater than 500 m. 
The high yields of C4-C3 hydrocarbons (up to 
30 ng hydrocarbon/g dry weight of sediment) 
in this area of high geotherma l and vo lcanic 
activity suggest the penetration of an act-
i ve petroleum generating zone. Similar ar-
guments apply to Site 467 where relative ly 
high levels (up to 3 ng hydrocarbon/g dry 
weight sediment) occurred in very shal low 
(250-600 m) sediments . 
Published in: In i tial Reports of DSDP. 
Supported by : NSF Grant OCE79-19861. 
VOLATILE c1-c7 ORGANIC COMPOUNDS IN SURFACE SEDIMENTS FROM WALV IS BAY 
Jean K. Whe l an , John M. Hunt 
and Jeffrey Berman 
C1-C7 volatile organic compounds were 
analyzed in three gravity cores taken from 
Wa lvis Bay she l f . The compounds detected 
incl uded alkanes (methane, ethane , propane, 
i- and n-butane , and i- and n- pentane , and 
heptane) , alkenes (2-methyl-2- butene, di -
methylcyclopentenes , cyclohexene) , oxygen 
conta ini ng compounds (dimethylsulfide, thi-
ophene , 2- and 3-methylth iophene) and aro-
matic compounds (benzene and toluene) . In 
situ biological and l ow temperature chemi-
car-(less than 15.C) formation processes 
are proposed, possibly from marine terpene 
precursors. Subsequent to th i s work, these 
compounds were found to be widely di stribu-
ted in surface gravity cores from other ar-
eas. Many of these compounds do not survi ve 
deeper buri al. Furans, ketocompounds, and 
alkenes ar e generally not f ound in more 
t han trace quantities i n deeper (> 10m 
subbottom) OSOP cores we have exami ned 
from other areas . 
Published in: Geochimica et Cosmo-
chimica Acta (1980) 44: 1767-1785. 
Supported by : NSF Grants OCE79 -1 9861 
and DES74- 09991; and ONR Contract 
N00014 - 66- 00241 NR 083-004 . 
BIOGEOCHEMISTRY OF VOLATILE ORGANIC 
COMPOUNDS IN MARINE EXPE~IMENTAL ECOSYSTEMS 
ANO THE ESTUARINE ENVIRONMENT - INITIAL 
RESULTS 
Stuart G. WaKeham , Al an C. Davis 
and Jeffr ey T. Goodw in 
Vo lat i l e organic compounds have been 
measured in the water column of Narragan-
set t Bay and in experimenta l microcosms at 
the Mar ine Ecosystems Research Laboratory 
(MERL) . Field measurements i n Narragansett 
Bay show that most volat iles have an anth-
ropo~enic orig in and enter at the head of 
the bay , probably in sewage treatment plant 
effluents. Concentrations. of volat il es in 
the water column generally decrease rapidly 
down-bay from the source . Dilution by 
coasta l water with low volatiles concentra-
tions alone cannot ·account for the observed 
decreases. A complex combi nat i on of removal 
processes - volatilization, adsorp ti on and 
sed imentation , and degradation -must be 
invoked. 
Initial results from an exper iment at 
MER L to assess rates and processes remov ing 
vo latiles from the water column suggest 
that loss to the atmosphere for many pol-
lutan t vo latiles i s relatively sl ow . Bi o-
logical activity, on the other hand, appar-
ent ly is important in removing ar omat i c hy-
drocarbons. Chlorinated compounds are not 
readily degraded. 
C-18 
Published in: Marine Mesocosms: Biolog-
ical and Chemical Research in Experi -
mental Ecosystems. Proceedi ngs of 
Symposium on Enclosed Mari ne Exper i-
mental Ecosystems, Sidney, B.C . , 
Canada. G. D. Grice, ed ., Springer-
Ver l ag (in press). 
Supported by: EPA Contract R80- 6072020. 
TETRACHLOROETHYLENE CONTAMINAT ION OF 
DR INKING WATER BY VINYL-COATED 
ASBESTOS-CEMENT PI PE 
Stuar t G. Wakeh am, Alan C. Davi s , 
Ri chard T. Witt, Bruce W. Tripp 
and Nelson M. Frew 
Tetrachl oroethylene (per ch loroethylene; 
1, 1,2,2-tetrachlorethene ) i s a common so l-
vent used in dry cleaning , metal degreasing, 
and chemical manu facture . Substant i al quan-
tities are produced annually (7 x 108 tons 
in the U. S. in 1973) . Due to the relatively 
high volatility (b.p. 12l.C), solubility in 
water (150 mg/L) , and dispersive use of this 
chemica l , l osses to the environment are in-
evitable. Tetrachloroethylene has been found 
as a predominant volatile trace organic con-
st i tuent in rivers, lakes , and seawater. 
Tr aces of tetrach loroethylene have also been 
fo und in finished drinking waters. Effects 
on human health of exposure to tetrach loro-
ethylene are poorly documented. However, the 
Nat ional Ca ncer Inst i tute has determined 
th at in gest i on may cause cancers i n mice, 
but not in· rats. In t he absence of a forma l 
drinking water stand ard for tetrachlorethy-
lene, the U.S . EPA has suggested a no ad-
verse response leve l of 40 ppb over a life-
t ime of exposure , but this leve l is cur-
rently under review . 
Published in: Bulletin of Environmental 
Contaminants and Toxicology 25 :639-
645 . 
Supported by: Woods Hole Oceanographic 
Institution. 
ORGANI C MATTER FL UXES F~OM SEDIMENT TRAPS IN 
THE EQUATOR IAL ATLANTIC OCEAN 
Stuart G. Wakeham, John W. Farrington, 
Robert B. Gagosi an, Ci ndy Lee, 
Hein DeBaar, Gale E. Ni grelli, 
Bruce W. Tr ipp , Steven 0. Smith 
and Nel son Frew 
The vertica l fl ux of part i cu late organic 
matter to the ocean floor is controlled by 
complex remineralization and transport pro-
cesses . Rapidly si nking, large (> 32 ~m) 
partic l es may account for most of the vert-
ical mass flux. Exper i men t s involving col-
lection of sediment ing particles in traps 
deployed at vary i ng depths in t he water 
column provide a way of assessing these 
processes directly. Measurement of organic 
carbon content of trap material may lead to 
a general understanding of the flux of par-
ticulate organic matter to the seafloor. 
However, details of the transport and trans-
formation phenomena involving sinking par-
ticulate organic material can be elucidated 
only by determining distributions of speci-
fic organic compounds associated with the 
particles. We report here direct flux meas-
urements and composition of lipids obtained 
by organic geochemical studies of particu-
late material collected in a deep-sea moored 
sediment trap exper iment in the equatorial 
Atlantic Ocean. 
Published in: Nature 286: 798- 800. 
Supported by: ONR Contract N00014-
79-C-0071 and NSF Grants OCE78-
26084, OCE78-26180 and OCE77-
27004. 
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BULK MAGNET IC PROPERTIES 
OF MAGNETOTACTIC BACTERIA 
Charles R. Denham, Richard P. Blakemore 
and Richard B. Frankel 
Bu l k magnetization measurements at room 
temperature of freeze dried magnetotactic 
bacterial cel ls, nonmagnetotactic bacterial 
cells, and extracted magnetosomes from mag-
netotactic cell s are presented. The role of 
the magnetosome in the magnetotactic 
response of swimming cells is discussed. 
Published in : IEEE Transactions on 
Magnetics Vol . MAG-16 , (Sept . 
1980) ,1006. 
Support ed by: NSF Grant OCE76-82255. 
G E 0 L 0 G Y 
LEG 72: SOUTHWEST ATLANTIC PALEOCIRCULATION 
AND RIO GRANDE RISE TECTONI CS 
Peter F. Barker, Richard L. Carl son, 
David Johnson, Pavel Cepek, William 
Coulbourn, Luiz A. Gamboa, Norman Hamilton, 
Ubirajara Melo, Claude Pujol, Alexander N. 
Shor, Alexey E. Suzyumov, Leonard R.C. 
Tjal sma, William H. Walton and Wolfgang Weiss 
In order to investigate So uth Atlanti c 
paleocirculation and the tectonic and sedi -
mentary history of the Rio Grande Rise, D/ V 
GLOMAR CHALLENGER occupied four sites during 
DSDP Leg 72: Site 515 in the Brazil Basin, 
Sites 517 and 518 on the l ower western flank 
of the rise, and Site 516 near the crest of 
the Rio Grande Rise. 
Site 515 was selected to sample sediments 
deposited by Antarcti c Bottom Water (AABW) 
entering the Brazi l Basi n through the Vema 
Channel. We penetrated 617 meters of rapid-
ly-accumulated terrigenous and si li ceous muds 
and mudstones before encounte r ing an uncon-
formity whi ch spans a period of 20 to 25 Ma 
between the early Eocene and late Ol igocene. 
Below the unconformity is a zeoliti c to cal-
careous mudstone unit of early Eocene age. 
The interval spanned by the hiatu s brackets 
the time of the proposed onset of AABW flow 
in t he southwestern Pacific at 37 Ma; how-
ever, some evidence in the sediments at Site 
515 suggests the presence of bottom water 
circulation in the Brazil Basin by early 
Eocene time. 
Sites 517 and 518 were designed to sample 
ca l careous sediments deposited under the in-
fluence of AABW and North Atlantic Deep Water 
(NADW) in the vi ci ni ty of the Vema Channel. 
At both sites , an increase i n the abundance 
of the AABW indicator species N. Umbonifera 
in the late Pliocene impl ies that AABW ex -
tended to signifi can tl y shallower depths at 
that time than it does today. Detail ed an-
alyses of the carbonate content of Si te 51 8 
sediments promise to extend the previ ously 
recognized Pleistocene climatic signal 
through the entire Pl eistocene and perhaps 
into the Miocene. 
At Si te 516 near the crest of the Rio 
Grande Rise, we penetrated 1250 meters of 
dominantly calcareous sediments and 21 meters 
of basaltic basement rocks of Santonian-
Coniacian age. With the exception of some 
possible complications in the middl e and late 
Miocene, sedimentati on at this site was con-
tinuous, and t he section may therefore be 
useful as a stratigraphi c reference. Magneto-
and bi ostratigraphi c control is good to 
excellent. Significantly, the Cretaceous-
Tertiary bounda ry was reco vered intact and 
will be useful for comparison with the 
Italian Gubbio section. Th is interval may 
also provide some new evidence pertai ni ng 
to the proposed associati on between mass 
extinction 's and iri dium anomalies at the 
boundary. 
The igneous basement rocks recovered at 
Site 516 are T-type NORB basa l ts s imilar to 
those found on Iceland, and are unlike the 
alkali c basalts exposed on Tristan de Conha. 
Their chemistry , together with the occurrence 
of shallow-water fos sils in vein f illings , 
suggests that these basalts were erupted on 
an anomalously shallow portion of the Mid-
Atlanti c Ridge . A Santonian-Coniacian age 
for basement is inferred from the age of the 
overlying sediments, and is consistent with 
the identi f i cation of magnetic anomalies 33 
and 34 on the rise t o the east of the site. 
The recovery of basement at Site 516 may 
provide the essential data for documenting 
the subsidence history of the Rio Grande 
Rise. However, this history may have been 
compli cated by a middle Eocene epi sode of 
tectonic and volcanic activi ty evidenced by 
ash layers, volcani clasti c sedi ments and 
slump blocks in the mid-Eocene sediment 
section. 
In press: Geol ogical Society 
American Bulleti n. 
Supported by: NSF Grant OCE78- 25673 . 
GG-4 
ROLE OF OCEAN GATEWAYS IN CLIMATE CHANGES 
William A. Berggren 
With its low albedo and large capacity 
to store heat the ocean represents one of 
the most important components of the global 
climatic system. With a specific heat per 
unit mass of 4 times that of air, water (i.e. 
the ocean) has a thermal capacity over 1000 
times that of the atmosphere. At the present 
time it is essentially the energy imbalance 
from incoming solar radiation between the 
summer and winter hemispheres and between 
high and low latitudes that give rise to 
motions (i.e. transport) in the atmosphere 
and oceans. The result is a net transport 
of energy from summer to winter hemispheres 
and from low to high latitudes . At present 
there is little variation at low latitudes 
in temperature and energy transport. The 
ocean, with its high thermal capacity, acts 
as a buffer for such energy changes . 
But the ocean, at the same time, plays an 
important role in the meridional transport of 
energy. The question may then be asked: Was 
it ever thus so? The answer is unequivocally 
no. Present continent-ocean geometry is the 
result of a long (200 my) history of changing 
spatial configurations. The role of gateways 
(and barriers) is fundamental for recreating 
the scenario of past circulation histories 
(and their concomitant effect on paleocli-
mate) . We are at but an early stage in 
understanding this history but we can out-
line a tentative scenario. 
The underlying assumption of this presen-
tation is the general view that the global 
climatic cooling characteristic of the Ceno-
zoic is due to natural, earthbound causes, 
namely the poleward shift of continental 
masses and the gradual development of a meri-
odional (Cenozoic) rather than latitudinal 
(Mesozoic) oceanic circulation pattern . Late 
Neogene (last 15 my) climatic oscillations 
are, in turn , no doubt the result of the 
superposition on this global cooling trend 
of short term periodic fluctuations in orbi-
tal parameters (i . e . the astronomical theory 
of glaciation , which isles~ a theory than a 
mechanism). 
The discussion below is presented in two 
parts . The first deals with a brief summary 
of the role of oceans (and their geometry) 
in heat transfer and thus, ultimately, as a 
source of climatic change. In the second 
part I shall summarize the main paleogeo-
graphic events that have had an influence on 
oceanic circulation and their effect, where 
discernible, on climatic evolution . 
In press: Special Report by 
National Research Council. 
Supported by: NSF Grant OCE78-19769. 
FURROWED MUD WAVES ON THE WESTERN 
BERt>1UDA RISE 
Robert W. Embley, Peter J, Hoose, 
Peter Lonsdale, Larry Mayer and 
Brian E. Tucholke 
A deep tow sonar and photographic survey 
of 75 km2 of the western Bermuda Rise , sup-
ported by limited coring and bottom current 
measurements, mapped several types of bed-
forms molded by a northeasterly Antarctic 
Bottom Water current. Large-scale mud waves 
up to 30 m high and 4-6 km apart are oriented 
300 to the left of the mean current, and 
preferential deposition on their northwest 
faces has caused slow migration in that di-
rection. Most of these faces have been 
dissected by straight parallel troughs, or 
large furrows, up to 50 m wide and 10m deep , 
which form strips of roughened sea floor with 
anomalously high acoustic bottom loss. The 
"smooth" seabed on the other faces of the 
mud waves is lineated by lower amplitude, 
closely spaced "small furrows." The distri-
bution of these medium-scale furrow bedforms 
may correlate with variations in sediment 
erodibility or in current strength over the 
surface of the large scale mud waves. Some 
fresh current ripples, tool marks, and 
current-smoothed sea bed indicate continued 
local activity. However, the site is exposed 
to variable and generally weak bottom cur-
rents, which may now only maintain furrows 
that formed under a different flow regime. 
Published in: Geolological Society 
American Bulletin, Vol . 91, 731-740, 
1980. 
Supported by: ONR Contract 
N00014-79-C-0072 NR 083-004. 
SHALLOW-WATER LIMESTONES FROM SLOPE OFF 
GRAND CAYMAN ISLAND 
Kenneth 0. Emery and John D. Milliman 
Limestones of Oligocene age obtained 
from a submersible at two sites about 3000 m 
deep on the Oriente Slope and from two shal-
low drill holes on the nearby Grand Cayman 
Island were deposited in shallow marine 
waters. All samples contain calcareous algae 
and shallow-water foraminiferans , but no 
deep-water remains. The limestone on the 
slope was lithified in fresh water, according 
to its petrography and stable isotopes . A 
third dive encountered massive beds presumed 
to be outcrops of limestone that dip south-
ward down the sl ope . We conclude that the 
region had begun to subs ide al ong a hinge 
line parall el to t he Oriente Slope during 
Oli gocene time , soon becoming too deep to 
support reef growth. This subsidence was 
associated with plate movements along the 
Cayma n Trough. 
Published i n: Journal of Geology, 
Vol. 8 , 483-488, 1980 . 
Supported by: Bigelow Chair . 
DEEP SEA DRILLING PROJECT 
SITES 417 AND 418: 
A PETROGENETIC SYNTHESIS 
M.F.J. Flower and Wi l fred B. Bryan 
Detailed documentation of the chemical 
and physical properties of a t hi ck section 
GG- 5 
of eruptive ocean crust has been made pos-
sibl e by the successful recovery of drilling 
samples at Si tes 417 and 418, and in parti cu-
lar , the unexpected freshness of basalts from 
Holes 41 7D and 418A. In this article, which 
deals with magmati c evoluti on at the Cretace-
ous spreadi ng axis, we summarize chemical 
data for glass, whol e-rock, and minera l sam-
ples. Shipboard analyses of whol e-rock sam-
ples included most of the li t hol ogic uni ts, 
and provided a solid bas i s fo r the chemical 
strati graphy (see Site Reports, t hi s volume) 
and sampling for foll ow-up studies. The 
shore-based work throws further li ght on 
liqui d magma variation trends, mineral-
l iquid disequi li brium phenomena, and t he in-
ferred phenochryst redistributi on processes 
occurring before and after eruption to the 
sea floor. Compari son of these data to 
other well-studied submarine basalt suites 
suggests that these processes may be rel e-
vant to petrogenesis at most ocean ridges. 
Publi shed in : In iti al Reports of the 
Deep Sea Dril ling Project, Volume 
LI , LI I , LI I I , Part 1 . 
Supported by: NSF Grant OCE78-09019. 
THE INDIAN OCEAN TRIPLE-JUNCTION 
Chri stopher Tapscott, Phili ppe Patriat, 
Robert L. Fisher, John G. Scl ater, 
Hartley Hoskins and Barry Parsons 
The boundari es of three plates, Africa, 
India , and Antarctica, meet in a triple junc-
tion in the Indian Ocean near 250S, 700E. 
Using observed bathymetry and magneti c anoma-
lies, we l ocate the junction to within 5 km 
and show that i t i s a ridge-ri dge-ridge type. 
Two of the ridges are normal spreading cen-
ters with well-defined median valleys, but 
one, the Southwest Indian Ridge (SWIR), has a 
peculiar morphol ogy in the vicinity of the 
tri ple junction, that of an elongate triangu-
lar deep with the junction at its apex. The 
f l oor of this deep represents crust formed at 
the SWIR, and the morphology results from the 
evoluti on of the triple junction. We deter-
mine directions and rates of spreading on all 
three ridges, and poles of relative motion 
for all plate pairs. Though we cannot deter-
mine the precise stabil ity conditions at the 
triple juncti on, we are able to map the evo-
lution of the juncti on over t he last 10 
million years . We det ect and discuss topo-
graphic expressi ons of the tripl e junction 
traces on the three plates. 
Published in : Journal of Geophys i ca l 
Research (red) , Vol . 85, No . B9 , 
4723, September 1980. 
Supported by: ONR Contract 
N00014-74-C-0262 NR 083-004. 
G E 0 P H Y S I C S 
TIME SERIES ANALYSIS PROGRAMS 
Alan D. Chave 
Thi s report documents a set of Fortran 
subroutines for manipulating one dimensional, 
compl ex-valued time series information. The 
programs are divided into two libaries : TSLIB 
for ordi nary Fourier analysis and ACLIB for 
more spec i alized applications . The latter 
includes i nterpolation routines, maximum en-
tropy spectral analysis programs, and subrou-
tines for advanced mathematical operations . 
The programs are designed for efficiency and 
speed with a minimum of hidden operations and 
memory accesses. These subroutines have been 
used extensi vely in the analysis of magneto-
telluric and other geophysical data. 
Woods Hole Oceanographic Institution 
Techni cal Report 80-23. 
Supported by: NSF Grants OCE77-8633, 
OCE77-82255 and OCE79-19258. 
MICROEARTHQUAKE ACTIVITY ON THE OROZCO 
FRACTURE ZONE: PRELIMINARY RESULTS 
FROM PROJECT ROSE 
John I. Ewing, G.M. Purdy, Anne M. Trehu, 
Sean C. Solomon , T. Ouchi, A.K. Ibrahim , 
Joe F. Gettrust, K. Furukawa, 
Stuart P. Nishenko, Paul W. Pomeroy, 
William Prothero, Jan D. Garmany , 
Brian T.R. Lewis, Steven H. Johnson 
and L. Dale Bibee 
GG-6 
We present preliminary hypocenter deter-
minations for 50 earthquakes recorded by a 
large multi-institutional network of ocean 
bottom seismometers and ocean bottom hydro-
phones in the Orozco Fracture Zone in the 
eastern Pacific during late February to mid-
March, 1979. The network was deployed as 
part of the Rivera Oceanic Seismic Experi-
ment, also known as Project ROSE. The 
Orozco Fracture Zone is physiographically 
complex and the pattern of microearthquake 
hypocenters at least partly reflects this 
complexity. All of the well-located epi-
centers li e within the active transform 
fault segment of the fracture zone. About 
half of the recorded earthquakes were aligned 
along a narrow trough that extends eastward 
from the northern rise crest intersectton in 
the approximate direction of the Cocos-
Pacific relative plate motion; these events 
appear to be characterized by strike-slip 
fau lting . The second major group of activity 
occurred in the central portion of the trans-
form fault; the microearthquakes in this 
group do not display a preferred alignment 
parallel to the direction of spreading, and 
several are not obviously associated with 
distinct topographic features . Hypocentral 
depth was well resolved for many of the 
earthquakes reported here. Nominal depths 
range from 0 to 17 km below the seafloor. 
In press: Journal of Geophysical 
Research. 
Supported by: ONR Contract N00014-
79-C-0071 NR 083-004. 
A HIGH QUALITY LOW COST RECEIVER FOR 
MILITARY SONOBUOYS 
Dona ld E. Koelsch and Frederick R. Hess 
Appropriate receivers for military dis-
posable sonobuoys are not readily available 
at reasonable cost. We have developed a 
system which uses a high quality but inex-
pensi ve commerc ial FM receiver. Three con-
verters translate the 32 sonobuoy channels 
down to the FM broadcast band and provide 
the scientist with an economical, as well as 
a high quality, solution to the sonobuoy 
receiver problem. 
In press: Marine Geophysical Research. 
Supported by: NSF Grant OCE79-09464. 
GEOMETRY OF TRANSFORM ZONES 
Hans Schouten, Jeff Karson 
and Henry Dick 
The steady-state (average) geometry of 
finite-width transform fault zones predicts 
asymmetric seafloor formation at the oceanic 
spreading center/transform intersections. A 
transform zone width of a few tens of kilo-
meters is indicated by the en echelon spread-
ing centers and corresponding asymmetry of 
marine magnetic anomalies 2' in the small-
offset FAMOUS Fracture Zone B, and by the 
highly asymmetric distribution of young pil-
low basalts with respect to transform zone 
lithol ogies in the large-offset Kane Fracture 
Zone. The agreement between observations 
and the steady-state model suggests that 
even on a ten-kilometer scale, the process 
of North Atlantic seafloor formati on can be 
consi dered more uniform than random. 
Published in : Nature, Vol. 288, 
470-473. 
Supported by: NSF Grants 
OCE 76-22512A01 and OCE77-26842 . 
ACOUSTIC ENVIRONMENT OF THE HATTERAS 
AND NARES ABYSSAL PLAI NS, WESTERN NORTH 
ATLANTIC OCEAN, DETERMINED FROM VELOCITIES 
AND PHYSICAL PROPERTIES OF SEDIMENT CORES 
Brian E. Tucholke 
Seventeen piston cores up to 13m long 
were recovered from representative acoustic 
and li t hologic environments of the Hatteras 
and Nares Abyssal Plains in the western 
North Atlantic. Compressional-wave veloci-
ties (corrected to in-situ conditions ) and 
bulk physical properties measured on the 
cores are used to characterize the acoustic 
framework of these areas. For correlation 
with conventional seismic data, whole-core 
averages of properties are a better index to 
the acoustic nature of abyssal plain sedi-
ments than properties of the upper few centi-
meters of the seafloor because 1) strong 
changes in lithofacies (and acoustic proper-
ties) occur over depth scales of tens of cen-
timeters to meters in the sediment column, 
and 2) conventional seismic frequencies of 12 
kHz or less sample these variations to sub-
bottom depths of tens of meters and more. 
Whole-core properties are a function of the 
distribution of high-velocity silt and sand 
beds in the core; they vary in a compl ex 
fashion with proximi ty to the source of tur-
bidity currents, di stance from axia l paths of 
turbidity-current flows, and loca l and re-
gional basin geometry. Thus "acoustically 
dynamic" seafloor regions (numerous high-
velocity beds) are not simply restricted to 
near-source areas nor are "acoustical ly 
subdued" regions (clay beds only) limited to 
"distal" areas. Whole-cure properti es show 
a good qualitative correlation to variations 
in 3.5 kHz reflection profi l es , and 3. 5 kHz 
echo character therefore provides a useful 
means of mapping general acoustic properties 
over large regions of abyssal plains. 
Published in: Journa l Acoustic Society 
of America, Vol. 68, 1376-1390, 1980. 
Support ed by : ONR Contract 
N00014- 79-C- 0071 NR 083-004 . 
COMPRESSIONAL TO SHEAR WAVE 
CONVERSION IN OCEANIC CRUST 
RobertS. White and Ral ph A. Stephen 
Mode conversion for compressional to 
shear waves, or vice versa, occurs most effi -
ciently where the seismic wave encounters a 
large change in seismic velocities over a 
distance of l ess than half a wavelength. In 
the ocean ic crust, the interface between 
water or sediment and the volcanic basement 
i s frequently the site of cons iderable mode 
conversion. We examine the effect of changes 
in the sediment and the basement properties 
on the efficiency of mode conversion over a 
range of horizontal phase velocities assuming 
that the interface is a first order discon-
tinuity. We then show with the aid of syn-
thetic seismograms cal cul ated using the re-
flectivity method that a small transition 
zone at the top of the basement over which 
the velocities increase with depth may have a 
considerabl e effect on the amount of conver-
s ion. In particul ar, smal l changes in the 
shear wave velocity structure over thickness-
es of around half the shear wavelength may 
markedly change the amplitudes of the varia-
ble angle basement reflection and the doubly 
converted lm~er crustal shear waves even 
though we may only consider compressional 
waves incident on and returned from the 
crust. Thus, at typical seismic source fre-
quencies , a change of on ly a few meters to a 
few tens of meters in the shear wave transi-
tion zone thickness , although considerabl y 
l ess than the wavelength of an incident com-
pressional wave may greatly al ter the resul -
tant compressional wave crusta l seismogram. 
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Printed in: Geophys . J.R. astr . Soc. 
(1980) , Vol . 63, 547-565. 
Supported by: ONR Contract N00014-74-
C-0262 NR 083-004. 
HEAT FLOW THROUGH THE FLOOR OF THE 
SCOTIA, FAR SOUTH ATLANTIC 
AND WEDDELL SEAS 
Victor Zl otnicki, John G. Sclater, 
Ian 0 . Norton and Richard P. Von Herzen 
We discuss the first heat f low measure-
ments taken in the Atlanti c section of the 
Antarctic Ocean. The one value from the 
Scotia Sea is compatible with the youthful 
age proposed for this sea. The values 
around the America-Antarctica ridge are low 
and scattered as expected from regions of 
rough topography and variable sediment 
cover . The values from the well sedimented 
western Weddel l Sea are surprisingly high 
for a deep, isostatically adjusted sediment-
ary basin, and decrease to the Southeast. 
Such high heat flow could result from a 
marginal basin type origin or be related to 
a l arge difference in age across the Sea. 
In press: Geophysical Research 
Letters , Vo l. 7, 421-424, 1980. 
Supported by: NSF Grant DPP76-1905A01 . 
M A R I N E P 0 L I C Y 
SITING CONSIDERATIONS AND POLITICAL 
If4PLICATIONS FOR THE DISPOSAL OF 
HIGH LEVEL NUCL EAR WASTES 
BENEATH THE DEEP SEA FLOOR 
Charl es D. Hollister, Willi am P. Bishop 
and David A. Deese 
Projections of energy demands for the 
year 2000 show that nuclear power will li ke ly 
be one of our major energy sources. But the 
benefits of nuclear power must be balanced 
against the drawbacks, including its bypro-
duct: radioactive wastes. While it may be-
come possible to compl etely destroy or elim-
inate these wastes , it is most likely that 
we will have to dispose of them on Earth in 
such a way as to assure their isolation from 
man for up to of a million years . 
Undersea regions in the middle of tecton-
ic plates and in the approximate center of 
major current gyres offer some conceptual 
promise for waste disposal because of their 
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qeologic stability and comparatively low or-
ga nic producti vity. The technical feasibil-
ity of permanent di sposal beneath the deep 
sea floor cannot accurately be assessed with 
present knowl edge , and there i s need for a 
thoroug h study of the types and rates of pro-
cesses that affect thi s part of the earth' s 
surface. Basic oceanoqraphic research aimed 
at understanding these processes is yielding 
answers that apply to this societal need . 
The genera l requirements for a nuclear 
waste repository anywhere are : 
1. The area must now be stabl e, and have 
been stabl e for order 106-7y. 
2. It must be isolated from man's unpredict-
able activities and thus must not inter-
fere with establ ished or likely 
resources. 
3. Disposal is assumed to be permanent, yet 
emergency retrieval options shoul d be 
developed. 
4. Above all the site plus the design must 
act to preclude any sign i ficant release 
of the radionuclides . 
Published in: Proceedings of Marine 
Sciences and Ocean Poli cy Sympos ium : 
A Defini tion of the Issues and a 
Search for a Consensus on Multip l e 
Uses (UCSB, June 17-20, 1979). 
Supported by: Sandi a Laboratories 
Contract 13/2559. 
P A L E 0 M A G N E T I C S 
THE OBLIQUE SEISMIC EXPERIMENT ON 
DEEP SEA DRILLING PROJECT LEG 65 
Ralph A. Stephen, Steve Johnson 
and BrianT. R. Lewis 
The objective of the Obl ique Seismi c 
Experiment was to determine the structure of 
upper oceanic basement penetrated by the 
borehol e . A vertical component borehole 
seismometer was cl amped at 3215 m BRF in hole 
485A and a shooti ng pattern consisting of 
eight 12-km long lines was fired . The velo-
city- depth structure for compressional waves 
in the upper 2 km of crust was determined f r om 
t hi s data by slope-intercept interpretation 
of travel times, linear inversion of travel 
times, and synthetic seismogram modelling. 
No evidence for seismic anisotropy was found. 
The hol e was not deep enough to determine 
attenuation or the interval seismic vel ocity 
of the rock penetrated by the hol e . 
Lateral inhomogeneity was studied by de-
l ay time analysis. It is clear from the data 
that the lateral vel ocity variati ons in the 
shal l ow crustal structure do not correspond 
to topography but rather to age. There is an 
apparent thinning or increase in velocity 
with age of layer 2A-2B which is occurring on 
a scal e much smal l er ( l ess than 1 m.y.) that 
the s imilar phenomena observed by Houtz and 
Ewing (1976). At present, our observation 
stands al one and its significance is diffi-
cult to estimate. 
In press: Initial Reports of the Deep 
Sea Dril l ing Project. 
Supported by: NSF Grants OCE78-1 9801 and 
OCE79-09351 . 
P A L E 0 N T 0 L 0 G Y 
DEEP-SEA BENTHONIC FORAMINIFERAL 
FAUNAL TURNOVER NEAR THE 
EOCENE / OLIGOCENE BOUNDARY 
Bruce H. Corl iss 
Eocene- Oligocene deep- sea benthonic fora-
mini fera in DSDP Site 277 in the south-
west Pacific have been analyzed to determine 
the benthonic foraminiferal response to the 
development of the psychrosphere near the 
Eocene/Oligocene boundary. Biostratigraphic 
ranges of 41 taxa show that 23 taxa are found 
throughout the Late Eocene to Early Ol igocene 
sequence, whi l e 18 taxa exhibit first or last 
occurrences . Comparison of the faunal changes 
i n Site 277 with a benthonic foraminiferal 
oxygen isotope record show that the develop-
ment of the psychrosphere did not have a pro-
found effect upon the benthoni c foraminifera, 
and the overall faunal change preceding and 
subsequent to the bottom-water circul ation 
event occurred graduall y . The inferred 
water-mass event affected the relat i ve abun-
dance of one species, Epistominella umboni-
fera. The lack of major faunal changes at 
~Eocene/Ol i gocene boundary in Si te 277 
probably reflects either wide environmental 
tol erances of the benthonic foraminifera, or 
a bottom-water temperature change less than 
3oc. 
Exami na t i on of previously published ben-
thoni c foraminiferal biostratigraphic data 
from DSDP Si tes 167 , 171 , 357, 360, 363 
and 400A , and deep- sea ostracode da t a from 
DSDP Leg 3 show fau nal changes occurred 
during discrete intervals in Middle Eocene-
Early Ol igocene . The faunal patterns from 
these data and from Site 277 show that the 
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Eocene/Oligocene cooling event did not cause 
rapid , catastrophic changes of the benthonic 
faunas of the open ocean , although signifi-
cant faunal changes are associated with the 
water mass event in Sites 167, 171, and 400A. 
The benthonic faunal changes in Middle 
Eocene-Early Oligocene time is consistent 
with the gradual decrease of inferred bottom-
water temperatures, based on previously pub-
lished oxygen isotopic data . The ol8o 
Eocene/Oli gocene enrichment of 0.76 Ofoo 
is a major event in the Southern Ocean oxygen 
isotopic record, but is coinsiderably less 
in magnitude than the 1 .75- 2.000 /oo change 
that occurred gradually from mid-Early Eocene 
to the Eocene/Oligocene boundary. The ben-
thon i c foraminiferal and isotopic data indi-
cate that bottom-water circulation may have 
devel oped during the Middle Eocene to Early 
Oli gocene interval , with the 30C bottom-
water cooling near the Eocene/ Oligocene 
boundary representing part of this 
development. 
In press: Marine Micropaleontology . 
Supported by: NSF Grant DPP78-21105. 
DISSOLUTION OF DEEP-SEA BENTHONIC 
FORAMINIFERA 
Bruce H. Corliss and Susumu Honjo 
Specimens of nine species of benthonic 
foraminifera were placed on a 5792 m deep-
sea mooring in the central North Pacific at 
nine different water depths ranging from 306 
to 5590 m to assess the influence of calcium 
carbonate dissolution upon benthonic foramin-
i fera . Amphistegina sp. is the most suscep-
tible to carbonate d1ssolution , followed by 
Pyrgo murrhina, Planulina wuellerstorfi, a 
group of four species with similar relative 
susceptibilities which includes Cibicidoides 
kullenbergi, Epistominella umbonifera , 
Hoeglundina elegans, and Oridosalis tener, 
and t1~o species being the l east susceptibl e 
to dissolution, Gyroidinoi des orbicularis 
and Gyroidinoides soldann . The relat1ve 
resistance to dissolution of H. elegans and 
E. umbonifera in comparison to the other 
aeep-sea species indicate that dissolution 
does not preferentially alter the distribu-
tion of these two deep-sea species. 
Modifi cation of the benthonic foraminif-
eral test increases with increasing water 
depth and calcium carbonate undersaturation . 
A dissolution index based on the percentage 
of broken benthonic foraminiferal tests shows 
increased breakage of tests with higher 
l eve l s of carbonate undersaturation, and 
indicates that the preservational state of 
benthonic foraminifera may be useful in 
determining the state of preservation of 
cal careous sediments, and provides a means 
to estimate undersaturation levels from the 
sediment record. 
In press : Micropaleontology . 
Supported by : NSF Grants DPP78-21105 and 
OCE77-27080. 
VISCOUS DEMAGNETIZATION AND THE 
LONGEVITY OF PALEOMAGNETIC 
POLARITY MESSAGES 
Charles R. Denham 
The reversing geomagnetic fie ld has 
extended the duration of ancient polarity 
messages 3-to-6 fold by acting as a buffer 
to contamination from viscous remanent 
magnetization. This is equivalent to 
reducing the temperature by about 50K in 
magnetic rocks . 
In press: Earth and Pl anetary Science 
Letters. 
Supported by : ONR Contract 
N00014- 74- C-0262 NR 083-004 and a 
WHOI Postdoctoral Fellowsh ip . 
MIOCENE BIOGEOGRAPHIC EVOLUT ION OF 
CALCAREOUS NANNOPLANKTON AND 
PALEOCEANOGRAPHY OF THE 
ATLANTIC OCEAN 
Bilal U. Haq 
Biogeographic patterns of Miocene cal-
careous nannoplankton in the North and South 
Atlantic Ocean , the Caribbean and the Gulf 
of t~ex i co are apparent from a Q-mode factor 
analysis of census data from 49 DSDP sites. 
In a total of 444 relatively well-preserved 
Miocene samples, 5 major and 1 minor (but 
relatively important) assemblages were recog-
nized, most of which show distinct spatial 
and tempora l distribution patterns. The major 
assemblages (identified by the dominant taxa) 
are the Dictyococcites minutus, Cyc licargo-
lithus floridanus, Coccol1thus pelagicus, 
Reticul ofenestra pseudoumb ili ca-R. hagii, 
and Discoaster-Sphenol1thus assemblages. 
Four of the maJor assemblages show distinct 
shifts through latitudes that are inter-
preted as a response to changing climate. 
Four warming and cooling cyc l es of 4 to 4.5 
m.y. duration are identified in the Miocene . 
Both the paleobiogeographic and avai labl e 
i sotopic data show the warming episode be-
tween 17 and 15. 5 Ma and the cooling trend 
that followed , as well as the warming episode 
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between 9 and 7 Ma. to have been parti cularl y 
extreme in both hemi spheres, and probably of 
global extent. The sharp cooling centered at 
15 Ma and the biogeographic changes at this 
time suggest this event to have been associ-
at ed with the devel opment of an extensive 
icecap on Anta rctica. 
Published in : Micropaleontology, 
Vol. 26, 414-443, December 1980. 
Supported by: NSF Grant OCE78-19769. 
THE LATE MIOCENE MARINE CARBON -ISOTOPIC 
SHIFT AND THE SYNCHRONEITY OF SOME 
PHY TOP LANKTO NIC BIOSTRATIGRAPHIC EVENTS 
Bilal U. Haq, Thomas R. Worsley, 
Lloyd H. Burkle, Robert G. Douglas , 
Ll oyd D. Kei gwin , Ne il D. Opdyke, 
Samuel M. Savin , Mi chael A. Sommer, II, 
Edith Vincent and Fay Woodruff 
A search for stable-isotopic signals and 
biostratigraphic events in DSDP cores for a 
better chronologi e resolution with an aim to 
reconstruct the paleoenvironment of the pre-
and post-glacial Miocene oceans has led to 
the recognition of an apparently global de-
crease i n the benthi c foraminifera 1 o l3c 
in the latest Miocene. This carbon-i sotopic 
shift is consistently bracketed by the first 
evolutionary appeara nces of a number of phy-
toplanktonic taxa the ages of whi ch have 
been accurately estimated from paleomagnet-
ically dated piston-cores . The first ap-
pearance l eve l s of nannofossils Amaurolithus 
primus and A. delicatus at 6. 25 Ma and the 
diatoms ThaTass1os1ra praeconvexa and 
Nitzschia m1ocen1 ca elongata at 6.1 and 6 Ma, 
respect1vely , and the carbon-isotopic shift 
itself (dated between 6.1 and 5.9 Ma) provide 
convenient synchronous events for the recon-
structi on of a late Miocene world ocean. 11ag-
netostratigraphi call y estimated ages of other 
useful late Miocene nannofossil datum levels 
include : first appearances of Di scoaster 
quinqueramus at 8 Ma , D. surculus at 6.4 Ma , 
Amaurol1thus tricornicUlatus at 5.7 Ma , A. 
amplificus at 5.65 Ma and Cerat olithus acutus 
at 5.2 Ma, and the last appearances of D. 
quinqueramus at 5.45 Ma and A. amplificus at 
5.3 Ma. -
Published in : Geology, Vol. 8, 427-431, 
September 1980 . 
Supported by: NSF Grants OCE76-82149 and 
OCE78-18286 . 
PRECIS ION OF CORRELATION OF RADIOLARIAN 
DATUM LEVELS IN THE MIDDLE MIOCENE , 
EQUATORIAL PACIFIC 
David A. Johnson and Barbara J. Wick 
The precision of biostratigraphic corre-
lation within a given region, and the degree 
of resoluti on achievable within a given se-
quence, can be estimated quantitatively when 
an independent set of control points are 
known for "absolute" age determination (e.g . , 
paleomagnetic polarity boundaries) . Using 
paleomagnetically-dated Miocene cores from 
the equatorial Pacific, we selected fifteen 
readily identified radiolarian datum levels 
in these cores, and have ranked these events 
according to thei r correlation precision . 
Estimates of correlation prec ision range from 
0.1 to 0.3 m.y. for some of the most easily-
identified events, and may be in excess of 1 
m.y . for other events. Our approach suggests 
an objective set of criteria for selecting 
the best biostratigraphic control points to 
use in sequences where paleomagnetic control 
is not available. One first determines cor-
relation precision of each datum level in 
prec isely dated cores, and then selects those 
datum level s with minimal correlation uncer-
tainty to use as control points. When this 
method is applied to "nonmagnetic" cores, the 
correlat ion precisi on attainable may ap-
proach or exceed that obtainable using mag-
netic polarities alone . This procedure for 
ranking mi crofossil events according to their 
correlation precision may lead to a re-defi-
nition of some zonal boundaries when this 
re-definition offers a more precise and eas-
ily recognized datum level as a marker event. 
In press : Micropaleontology . 
Supported by : NSF Grant OCE76-20154. 
DATATION DES GRES NUMIDIENS 
d-ALGERIE ORIENIALE : 
CONSEQUENCES STRUCTURALES 
Jean de Calude Lahondere , 
Hugues Feinberg and Bilal U. Haq 
The Numidian Sandstone of eastern Algeria 
are assigned to the Upper Oligocene, Aquitan-
ian and Lower Burdigalian by means of plank-
tonic foraminifera and calcareous nannofos-
sils. This stratigraphic assignment invali-
dates the hypothesis that this formation was 
formerly the sedimentary covering of the 
internal Kabylids . 
Publi shed in : C. R. Acad . Sc . Paris , t . 
289, Sept . 1979 . 
Supported by: NSF Grant OCE78-19769. 
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PATS-1, A PACKAGE OF PROGRAMS FOR THE 
ANALYSIS OF MARINE MICROPALEONTOLOGICAL 
DATA ON THE VAX 11/780 COMPUTER 
George P. Lohmann 
PATS-1 is the first version of a pack -
age of computer programs and subroutines 
written or acquired specifically for the ar-
chiving, analysis, and presentation of marine 
micropaleontological data. The aim of this 
report is to document the procedures and 
programs incorporated in PATS-1 and make 
them available to colleagues working on 
cl osely related research problems. 
The program package described in this 
report i s not intended to be either compre-
hensive or generally useful. Rather, the 
PATS-1 package wa s assembled for a specific 
purpose. It reflects the solutions to 
problems encountered in the course of my own 
work in micropaleontological oceano graphy. 
Some programs are so strictly tailored to my 
own research that they may have to be modi-
fied to be of any use to others . Hmtever, 
where convenient I have tried to generalize 
programs, especially in design of the sub-
routines incorporated into the PATS-1/ 
LIBRARY. 
This report provides program li stings, 
documentation, examples and instructions for 
implementation and use of the PATS-1 package. 
Programs were written to be used interactive-
ly and at WHO! are run exclusively on the 
time-sharing system of the VAX 11/780 
computer . 
Woods Hole Oceanographic Institution 
Techni ca l Report 80- 27 . 
Supported by: NSF Grants OCE78-l9768, 
OCE77-82149 and OCE79-18286. 
LATE QUATERNARY STAGNATIONS AND 
RECIRCULATION OF THE EASTERN MEDITERRANEAN: 
CHANGES IN THE DEEP WATER RECORDED BY 
FOSSIL BENTHIC FO~AMINIFERA 
Lauren S. Mullineaux and George P. Lohmann 
During the Late Quaternary, periodic 
stagnations of the eastern Mediterranean 
basins caused deposition of dark, organic-
rich layers termed sapropels. Fossil ben-
thic foraminifera associated with some of 
these sapropels sampled in a sediment core 
from the Levantine Basin were compared with 
benthic faunas found living in the eastern 
Mediterranean today. Fossil benthic assem-
blages associated with normal sediments, 
those farthest from sapropel layers, most 
closely resemble modern faunas living today 
beneath shall ow, well-mixed waters. Assem-
blages found nearer the sapropel s are most 
simi lar to present-day faunas living in deep-
er, more isolated basins. The one species, 
Globobulimina affinis that is preserved in 
abundance nearest and even within sapropels 
is now found living in a relatively deep ba-
sin near the outlet of the Black Sea. These 
comparisons show that benthic foraminiferan 
species living in relatively isolated, deep 
basins or under density-stratified water 
today were those best able to tolerate the 
low-oxygen conditions that prevailed basin-
wide at the times of sapropel formation. 
The marked but gradual changes in the ben-
thic assemblages observed down-core indi cate 
that the Quaternary stagnations of the east-
ern Mediterranean developed gradually and 
that sapropel deposition was only one stage 
of a much longer process. 
Published in: Journal of Foraminiferal 
Research, Vol. 11, No.1, 20-41 . 
Supported by : NSF Grants 
OCE78-19768 and OCE77-82149 . 
CONTINENTAL MARGIN SUBSIDENCE 
AND HEAT FLOW: IMPORTANT PARAMETERS 
IN FORMATION OF PETROLEUM HYDROCARBONS 
Leigh Royden, John G. Slater and 
Ri chard P. Von Herzen 
Passive continental margins have been 
shown to subs ide with a 50-m.y. exponential -
ly decaying rate which cannot be explained 
by isostatic compensation for sediment load-
ing. This suggests that the subsidence is 
dominated by geodynamic processes similar to 
those in the deep ocean. Two simple geo-
l ogic models for continental breakup are 
developed: (1) attenuation of continental 
lithosphere and (2) intrusion of mantle 
diapirs. 
These models for rifting give a direct 
relation between subsidence of passive mar-
gins and their surface heat flow through 
time. On this basis we develop a method of 
reconstructing the thermal history of sedi-
mentary strata from regional subsidence and 
sedimentation history. Because generation 
of petroleum hydrocarbons depends on the 
integrated time/temperature hi story of bur-
ied organic material, this reconstruction 
technique can be used to determine the depth 
to the oi 1 range of the "hydrocarbon genera-
t ion window" in advance of drilling. By way 
of example, we reconstruct time/ temperature / 
depth plots and estimate hydrocarbon maturity 
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for one site in the Falkland Pl ateau and 
three sites in the North Atlant ic near Cape 
Hatteras. In addition to providing a method 
for evaluating hydrocarbon potential in fron-
tier regions where there is li ttl e or no well 
control, this approach suggests that there 
may be significant potential for oil and gas 
generation on the outer part of the contin-
ental rise in deep sea sedimentary basins. 
Published In: AAPG Bulletin , Vol. 64, 
No. 2, 17 3-187, 1980. 
Supported by: NOAA Sea Grant 
04-7-158- 44104. 
P E T R 0 L 0 G Y A N D 
G E 0 C H E M I S T R Y 
FRACTIONATION PARTIAL MELTING AND 
MIXING IN NORMAL BASALTS FROM 
22-25o N, r~ID-ATLANTIC RIDGE 
Wilfred B. Bryan 
Young submarine basalts at or near the 
Mid-Atl antic Ridge spreading axis at 
220-250 North are LIL-el ement depl eted 
and are broadly similar to ol der basal ts 
recovered at IPOD sites 395 and 396. The 
data are divided into two geographic groups 
by the Kane F. Z. at about 240N; this 
divisi on does not correspond to any signfi-
ca nt group geochemical differences. 
Data consisti ng of 150 glass and whole 
rock major el ements analysis from 26 dredge 
sites show a compositional diversity and pet-
rogenetic compl exity approaching that docu-
mented in a data set of simi l ar size in the 
FAMOUS area. Subtle major and trace el ement 
inconsistencies between sampl es from differ-
ent sites are most easily expl ained as repre-
senting discrete , small magma batches with 
distinct melting histori es and/or source com-
positions. Within these batches and especial-
ly within a number of individual sampl es, 
there i s ev idence of simple single- staqe 
equi librium crystallization. In several 
batches physical separation of crystals and 
li quid has not occurred, or has been very 
inefficient. 
These relations imply crystallization in 
small isolated chambers, or during magma 
ascent within vents and fissures. Such a 
petrogenetic model is cons i stent with the 
recent spreading history of the area, which 
indicates lateral migration of rift zones 
with consequent increase in the length of 
the Kane active transform. Constant migra-
tion of the axis of volcanism should inhibit 
establishment of any major crustal magma 
chamber, and would favor "batching" as new 
fissures tap different parts of the under-
l ying mantle diapir. 
In press: Proceedings of the Inter-
nati onal Association of Vol canology, 
Azores University, 1980. 
Supported by: NSF Grant OCE77- 26842. 
THE ORIGIN OF LAVAS FROM THE NINETYEAST 
RIDGE, EASTERN INDIAN OCEAN: AN EVALUATION 
OF FRACTIONAL CRYSTALLIZATION MODELS 
John N. Ludden, Geoffrey Thompson, 
Wilfred B. Bryan and 
Frederick A. Frey 
Ferrobasalts from DSDP s i tes 214 and 216 
on the Ni netyeast Ridge are characterized by 
high absolute iron (FeO > 12.9 wt %) , FeO / MgO 
>1.9, and Ti02 > 2.0 wt-%. Their trace 
el ement abundances indicate a tholeiitic af-
finity; however, they are distinct from mid-
ocean ridge incompatible element-depleted 
tholeiites owing to higher contents of Ba, 
Zr, and Sr and flat to slightly light-REE-
enriched, chondrite-normalized REE patterns . 
Ca l cul ati ons using major and trace el ement 
abundances and phase compositions are gener-
ally consistent with a model relating most 
major elements and phase compositions in 
si te 214 and 216 ferrobasalts by fractiona-
tion of cl inopyroxene and plagi oc lase. How-
ever, some incompatible element abundances 
for site 216 basalts are not consistent with 
the fracti onal crystal li zation models . Ba-
salts from site 214 can be related to ande-
sitic rocks from the same site by fractiona-
ting clinopyroxene, plagioclase and titano-
magnetite. Site 254 basalts, at the southern 
end of the Ninetyeast Ridge, and island tho-
l eiites in the southern Ind i an Ocean (Amster-
dam-St. Paul or Kerg uelen-Heard volcani c 
provinces) possibly represent the most recent 
activity associated with a hot spot forming 
the Ninetyeas t Ridge . These incompatible-
el ement- enriched tholeiites have major el e-
ment compositions consistent with those ex-
pected for a parental li quid for the site 
214 and 216 ferrobasalts. However, differ-
ences in the trace element contents of the 
basal ts from the Ninetyeast Ridge sites are 
not consisten t with simpl e fractional crys-
talli zation derivation but require either a 
complex melting model or a heterogeneous 
mantle source . 
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Published in: Journal of Geophysical 
Research, Vol . 85, No. B8 , 
4405-4420, August 10, 1980. 
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S E D I M E N T 0 L 0 G Y 
PELAGIC SEDI MENTAT ION OF ARAGONITE : 
ITS GEOCHEMICAL SIGNIFICANCE 
Robert A. Berner and Susumu Honjo 
The relative importance of the pelagic 
flux of aragonite, as compared to calcite, 
to the deep sea floor has been evaluated by 
means of quantitative x-ray diffraction study 
of samples collected from sediment traps and 
an unusually shallow portion of the open 
Atlantic Ocean (the Rio Grande Rise). Results 
suggest that aragonite flux constitutes at 
least 12% of the total flux of CaC03 on a 
worldwide basis . The presence of high-Mg 
calcite in several of our samples suggests 
that some of the calcareous material falling 
to the deep sea floor may be derived from 
the long-distance transport of shallow water 
benthic calcareous debris , as well as from 
the settling of planktonic remains . This 
observation supports the contention that 12% 
represents a minimum value. 
In press : Science. 
Supported by : NSF Gran t OCE79- 25429 . 
THE USE OF PHILLI PSITE IN TEST CONSTRUCT ION 
OF AGGLUTINATED. DEE P- SEA BENTHONI C 
FORAMINIFERA 
Bruce H. Corliss and John D. Mil liman 
Agglutinated deep-sea benthoni c fora-
minifera with tests composed of phillipsite 
are documented and illustrated from a red 
clay sequence in a Giant Piston Core from 
the central North Pacific. Associated with 
the benthonic foraminifera are phillipsite 
crystal rossettes and aggregates of phil-
lipsite crystals . The benthon i c foramini-
fera and phillipsite crystals constitute 
most of the> 38~ m fraction, but have 
little effect upon the mean size of the red 
clay sediments . 
In press : Sedimentology . 
Supported by : Sandia Contract 13/2559. 
SUBMERSIBLE STUDIES OF DEEP-SEA FURROWS 
AND TRANSVERSE RIPPLES IN 
COHESIVE SEDIMENTS 
Roger D. Flood and Charles D. Holli ster 
Abyssal furrows and ripples , formed in 
cohesive sediments, have been observed and 
sampled by submersible on the Bahama Outer 
Ridge. These features have developed as bed 
forms of steady bottom currents presently 
flowing at 5-20 em/sec. Small furrows devel-
oped high on the secondary outer ridge are 
asymmetrical, and have existed for at least 
the last 11 ,000 years. Cross-furrow varia-
tions in microtopography, sediment type, and 
accumulation rate suggest that the furrows 
are maintained by present-day currents. 
Transverse ripples on furrow wails are devel-
oped in cohesive sediments and have small 
corniches similar to those observed in snow 
downwind from mountain ridges. Regional 
changes in furrow type and morphology may re-
fle ct changes in sed imenta ry conditi ons and 
f urrow evo l ution (cu rrent ve locity, sed iment 
type, sedi mentati on rate), or they may re-
flect different furrow origins. 
Published in: Marine Geology , Vol. 36 
(1980) pp . Ml-M9 . 
Supported by: ONR Contract N00014-74-
C-0262 NR 083-004. 
FIELD ASSESSMENT OF SEDIMENT TRAPS 
Wilford D. Gardner 
Sediment traps whose particle col l ection 
abilities had been cal ibrated in a laboratory 
flume at vel oc ities of 0, 4, and 9 em/sec 
were deployed in natural bodies of water to 
intercalibrate larger traps under current 
conditions ranging from tranquil to over 20 
em/sec. For cylinders, the height to width 
ratio is the control ling factor of the mass 
of sediment collected. Traps can be scaled 
up in size and maintain a similar (though 
not necessaril y correct) collection rate . 
Increasing current velocity will alter the 
collection rate of a trap in a manner whi ch 
depends on the trap geometry . The si ze dis-
tribution of particles collected in traps is 
biased by trap geometry with over-efficient 
traps collecting more fine particles (63 m) . 
Publi shed in : Journal of Marine 
Research, Vol . 38, 41-52 . 
Supported by: ONR Contract s 
N00014-75-C-029l NR 083- 004 and 
N00014-74-C-0262 NR 083-004; and 
NSF Grant OC E77 - 0793 l. 
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SEDIMENT TRAP DYNAMICS AND CALIBRATIO N: 
A LABORATORY EVALUATION 
Wilford D. Gardner 
The flow dynamics and particle trapping 
characteristics of several designs of sedi-
ment traps were investigated using dye, sea-
water, and deep-sea lutite in a recirculating 
flume and fish tank at velocities of 0, 4, 
and 9cm/sec. Particles are collected through 
a process of fluid exchange rather than fal-
ling freely into a trap . The efficiency of a 
trap is therefore a function of the residence 
time and circulation pattern of fluid within 
the trap, processes which are con trolled pri-
marily by trap geometry and secondarily by 
current velocity. Cylinders trap particles 
in the closest agreement with the sediment 
deposition rate in the flume . Funnels gener-
ally undertrap, but their effi ciency may be 
improved by constructi ng a baffle at the top 
of the funnel. Conta iners with narrow mouths 
and wide bodies consistently overtrap at an 
unpredictable rate of many times the actual 
vertical flux of particl es. 
Published in: Journal of Marine Researc h 
Vol . 38 (l) . 17-39. 
Supported by: ONR Contracts 
N00014-65-C-0291 NR 083-004 and 
N00019-74-C-0262 NR 083-004; and NSF 
Grant OCE77-0793l . 
CANYONS OFF NORTHWEST PUERTO RICO: 
ORIGIN AND MAINTENANCE AS STUDIED WITH 
NUCLEAR RESEARCH SUBMARINE NR-1 
Wilford D. Gardner, L.K . Glover 
and Charles D. Hollister 
The Nuclear Research Submarine NR-1 was 
used to study morphology, sediment, and 
sediment-water interactions off t he north-
west coast of Puerto Rico. New detailed 
bathymetry from the surface-support ship , 
USS PORTLAND, shows several submarine can-
yons in the area, some of them unreported 
previously . The north coast canyons, Areci-
bo, Tiberones and Quebradillas, are primari l y 
erosional features although no redent turb i-
dity-current evidence is seen. The canyons 
are presently filling with river-transported 
sediments. 
High-resolution seismic reflecti on pro-
fi l es show the tectoni c control of Mona 
Canyon. Fault zones can be outlined . The 
effects of sediment input, turbidity currents 
and bottom currents act to smooth and shape 
the canyon topography. River alluvium and 
biogenic debris are draped around t he canyon 
and on the narrO\~ benches between fault 
scarps on the north wall. Turbidity currents 
have carried large amounts of sediment from 
shallow water to the l ower reaches of the 
canyon where the axis is being fil led and 
leveled . 
Current measurements from NR-1 show 
osci ll ating flow with tida l frequency in the 
head of Mona Canyon. 
Published in : Marine Geology, Vol. 37, 
41-70. 
Supported by : ONR Contract 
N00014-74-C-0262 NR 083-004. 
SUBMARINE GEOLOGIC DI SPOSAL 
SUSPENDED COCCOLITHS AND FECAL PELLETS 
IN THE DEEP PACIFIC: A BIOGEOCHEMICAL 
TIME SCALE MODEL 
Thomas J. Goreau and Susumu Honjo 
Suspended coccoliths in t he deep Pacific 
provide a unique tracer of particulate dyna-
mics and its rol e in nutrient cycl ing since 
their residence time with respect to disso-
lution is so small that they cannot be sup-
pli ed by any physical transport mechani cs 
other than in situ injection from the break-
up of large rapi dly sinking fecal pell ets. 
Consequently the in situ coccol ith dissolu-
tion flux is a measure of the instantaneous 
rate of release on a local scale. Calcula-
ted dissolution rates of suspended cocco-
liths in the deep Pacific show considerabl e 
spatial variation dependent on the local 
standi ng crop suppli ed from the overlying 
latitudially zoned productive layer, the 
kinetic dissolution rates, and the state of 
satura ti on of calcite in the deep sea. Models 
of the time and space scales of particulate 
distributions with respect to physical trans-
port, in situ reactions, and seasonally var-
i able production in the euphotic zone show 
t hat fecal pe ll et fluxes are t i ght ly coupled 
t o overl ying produ ction on s hort time scales 
The fine reactive particulate fraction gives 
information about short-term biogeochemical 
rates in the deep sea that cannot be derived 
from the distributi on of dissolved species. 
In press: Deep Sea Research . 
Supported by : NSF Grants OCE76-02122 
and OCE79-09456 . 
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CHARACTER IZATION OF PELAGIC SEDIMENTATION 
IN THE NORTH PAC IFIC: U.S . SUBSEABED 
DISPOSAL PROGRAM 
G. Ross Heath, Dennis E. Hayes, 
Armand J. Silva, Charles D. Hollister 
and Margaret S. Leinen 
Subseabed site studies in the North 
Pacific have focussed on determining the 
generic properties of pelagic "red" cl ays, 
searching archived 3.5 KHz acousti c profiler 
records for areas of rough ly 10,000 square 
kil ometers with uniform sediment cover, and 
carrying out the first reconnaissance geo-
logical/geophysical cruise to three potential 
sites in the western Pacific. Resu l ts to 
date suggest that large areas of pelagic cl ay 
wi th desirable barrier properties t hat are 
vertically and horizontally coherent are 
present west of the Emperor Seamounts. 
Published in: Marine Technology, 
October 1980, 482-484. 
Supported by: Sandia Laboratories 
Contract 13/5529 . 
SUBMARINE GEOLOGIC DISPOSAL 
OF NUCLEAR WASTE 
Char les D. Holli ster , Bruce H. Corli ss 
and D. R. Anderson 
Site suitabi lity characteri sti cs of sub-
marine geological formations for the disposal 
of radioactive wastes incl ude t he distribu-
t i on coefficient of the host medium , permea-
bility, viscoelastic nature of the sediments, 
influence of organic material on remobiliza-
tion, and effects of thermal stress. The 
submarine geol ogical formation that appears 
to best satisfy these criteria is abyssal 
"red" clay. Regions in the ocean that have 
coarse-grained deposits, high or variable 
thermal conductivity, high organic carbon 
cont ent, and sediment thickness of less than 
50 mare not being considered at this time. 
The optimum geological environment should be 
tranquil and have environmenta l predi ctabi l-
ity over a minimum of 105 years . Site 
sel ection activities for the North At lantic 
and North Pacific are reviewed and future 
activities which include international coop-
eration are discussed. A paleoenvironmental 
model for Cenozoic sedimentation in the 
central North Pacific is presented based on 
studies of a l ong core from the Mid-Plate 
Gyre MPG-1 area, and is an example of the 
type of study that will be carried out in 
other seabed study areas. The data show 
that the MPG-1 region has been an area of 
slow, continuous accumulation during the 
past 65 million years. 
Invited Paper: IAEA (International 
Atomic Energy Agency, Vienna, 1980) 
*AEA-SM-243/99, pp. 131-139. 
Supported by: Sandia Laboratories 
Contract 13/ 2559. 
SUBSEABED DISPOSAL OF NUCLEAR WASTES 
Charles D. Hollister, 
D. R. Anderson and G. Ross Heath 
Fine-grained clay formations within 
certain stable (i.e. predictable) deep-sea 
regions away from lithospheric plate bound-
aries and productive surface waters have 
attractive properties that might serve to 
permanently isolate radioactive waste. The 
most important characteristics of such clays 
are their vertical and lateral uniformity, 
low permeabi l ity, very high cation retenti on 
capacity, and potential to self-heal when 
disturbed. Ths most attractive abyssal clay 
formation (oxidized red cl ay) covers nearly 
30% of the sea floor and, hence, 20% of the 
earth's surface. 
Published in: Science. 
Supported by : Sandia Laboratories 
Contract 13/ 2559. 
CHARLIE-GIBBS FRACTURE ZONE: 
BOTTOM-WATER TRANSPORT AND ITS 
GEOLOGICAL EFFECTS 
Alexander Shor, Peter Lonsdale, 
Charl es D. Ho l lister and Derek Spencer 
Hydrographic sections of the northern 
valley of the Charlie-Gibbs fracture zone 
show t hat below 2000 m this passage through 
the Mid -Atlanti c Ridge i s fi ll ed mainly with 
Iceland-Scotland Overflow Water (ISOW). Two 
current meters moored within this water mass 
for 9 months, at sites just downstream from 
the 3675 m sill of the passage, recorded mean 
w~s~erly currents of 3.8 and 4.4 cm~ -1 , 
These averages include mean westerly veloci-
ties of 7 to 8 cms-1 during fall . and spring 
and almost zero during the winter. Another 
l ong-term meter and an array of meters 
deployed within 100 m of the sea f loor showed 
steering of t he Overflow Water cu rrent by t he 
complex topography near the intersection of 
the transform fault and the spreading center. 
West of 350W a different, denser water mass 
fills the deepest parts of the valley bel ow 
about 3400 m; it al so flows westward, as shown 
by mete rs moored 10 and 20m above the valley 
f l oor for 1.5 to 4 days . However , its proper-
ties (potential tem perature<2. 3 °C; salinity 
.C: 34 .93%; oxyqen> 6.4 ml 1-1; sili ca <l 6 mol 
1-1 ) indicate an origin in the Newfoundland 
Basin west of the ~1id-Atlantic Ridge . It 
probably enters the northern valley from the 
south , via a leak on the bounding transform 
ridge near 34030'W, and is entrained west-
ward, back into the western Atlantic , by the 
overlying ISOW current . The total westward 
transport ac ross t he G il~, below 2000 m, i s 
estimated at 2.4 x 10 m s-1. The 
ISOW carries a significant load of suspended 
sediment (25 g 1-1 ), and there is an 
intense 100-m-thick bottom nepheloid layer. 
The seabed, which was examined with a deeply 
towed instrument package, has been locally 
scoured downstream from the passage sill, 
and there are patches of ripples and moated 
rock fragments. However, most of the floor 
of the transform valley is a depositional 
environment. 
Published in: Deep-Sea Research , 
Vol. 27A (1980), 325-345 . 
Supported by : ONR Contracts N00014-
74-C-0262 NR 083-004, N00014-
75-C-0704 NR 083-004, and 
N00014-65-C-0749 NR 083-004 ; and NSF 
Grant OCE76-21592. 
CALCITE DISSOLUTION : AN IN SITU 
STUDY IN THE PANAMA BASIN 
Robert C. Thunell , Susumu Honjo 
and RobinS. Keir 
An in situ dissolution study in the 
Panama Basin indicates that the hydro-
graphic lysocline is coincident with the 
sedimentary lysocline . The level of these 
two features does not appear to be related 
to either the transition from supersatura-
tion to undersaturation with respect to 
carbonate , or a critical carbonate ion con-
centration. These results suggest that the 
lysocline in this region has a kinetic 
rather than a thermodynamic origin. 
In press: Science. 
Supported by : NSF Grant OCE77-27080. 
CALCITE DISSOLUTION AND THE MODIFICATION 
OF PLANKTONIC FORAMINIFERAL ASSEMBLAGES 
Robert C. Thunell and Susumu Honjo 
The results of an in situ experiment in 
the Panama Basin allow us to determine the 
way in which planktonic foraminiferal assem-
blages are modified by calcite dissolution . 
Preweighed planktonic foraminiferal samples 
of known species composition were attached 
GG-1 6 
between 665 m and 3791 m for a period of 123 
days . Weight loss due to dissolution during 
this period ranged from less than 5% for the 
shallowest samples to slightly over 30% for 
the deepest samples. In terms of change in 
foraminiferal number, this equivalent to de-
creases of between 1% and 26%. The magnitude 
of change in the abundance of individual 
species is clearly related to their different 
susceptibi liti es to dissolution. Species 
such as Hastigerina pela9ica , Globigerinella 
aequilateral1s and Cande1na nit1da, wh1ch 
are very susceptible to d1ssolut1on, had the 
largest decreases in abundance, while the 
more resistent species (Sphaeroidinella 
dehiscens , Pulleniatina obl1qu1loculata and 
Globorotalia truncatulinoides) had minimal 
changes. From these results a solution sus-
ceptibility ranking for pl anktonic foramini-
fera was established that is quite similar 
to those derived from previous laboratory 
experiments and seafloor studies . 
In press : Mari ne Mi cropa l eontology . 
Supported by: NSF Gran t OCE78- 27004. 
THE HEBBLE II REPORT: 
PROCEEDINGS OF THE SECOND ANNUAL WORKSHOP 
ON THE HIGH ENERGY BENTHIC BOUNDARY 
LAYER EXPERIMENT HELD AT THE 
KEYSTONE CENTER FOR CONTINUING EDUCATION 
March 19-24, 1979 
Al bert J . Wil l i ams 3rd , 
Charles D. Ho ll ister and 
Richard S. Chandl er 
In 1978, the first Keystone Conference 
addressed the scientific problems of sedi-
ment transport in a high energy flow such as 
·the Western Boundary Undercurrent . Sedi-
mentologists, physical oceanographers, geol-
ogi st s , opt i cal ocean ographers , bi ol og ists , 
and ocean engi neers planned a prog r am called 
the High Energy Benthic Boundary Layer 
Experiment (HEBBLE) to measure ocean floor 
bed-forms, sediment properties, turbulent 
flow structure, suspended sediment concen-
trations and fluxes, mixed layer thickness , 
outer scale velocity and horizontal gradients 
of density in a careful ly surveyed site yet 
to be selected . While measurements were 
suggested , specific instruments were not 
identified to implement them. It was encour-
aging that the scientists participating in 
the first HEBBLE Conference wanted to con-
tinue to plan a multi-disciplinary 
experiment. 
Because of the Jet Propulsion Labora-
tory's experience in management of planet-
ary science experiments, autonomous instru-
to a deep-sea mooring at various water depths 
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mentation, image processing and data hand-
l i ng, we i nvited them to develop our experi-
mental plan. Conferences were held in 
September at Woods Hole and in November 1978 
at JPL to develop the i nstrumental ensemble. 
JPL involvement was concentrated on the 
extended deployment part of HEBBLE: the 6-
month experiment . The March 20- 23 , 1979, 
conference brought JPL engineers and 
managers, HEBBLE scienti st s and PI' s, and 
ONR and NASA program managers together in 
Keystone , Colorado , for presentation and 
discussion of the JPL program plan. This 
report summarizes the conference and 
includes reports by subcommittees of the 
conference on measurements and data sampling . 
Woods Hole Oceanographic Institution 
Technical Report 80-32. 
Supported by: ONR Contract 
N000-1 4-74-C-0262 NR 083-004 . 
V 0 L C A N 0 L 0 G Y 
MT. ST. HELHJS, WASHINGTON: INITIAL 
ERUPTIVE EVENTS AND MORPHOLOGIC CHANGES 
Wi lfred B. Bryan 
After a week of increasing seismic 
activity, on March 27 , 1980 , Mt. St . Helens 
erupted ash and steam to a height of some 
2000 m above the new summit crater . This 
eruption broke a 125-year period of dormancy 
for t his vol cano, whi ch had become a popular 
scenic attraction and center of outdoor 
recreational activity in the southwestern 
corner of the state of Washington . The 
U.S. Geological Survey hastily call ed in 
experts from Denver, Menlo Park, and the 
Hawaiian vol cano observatory, and geologists 
and vol canol ogi sts converged on the mou ntain 
from all over the world. Toward the middle 
of April t he frequency of eruptions dec lined, 
and l ocal newspapers and television stat ions 
confide ntl y reported that the erupti ons were 
over, and that scientists were pack ing up 
and l eaving. However, the U. S. Geologi cal 
Survey continued to monitor a bulge on the 
north fla nk of the volcano, whi ch grew 
outward at up to 2m per day. Small phreati c 
eruptions took place again from May 7 to May 
14, whil e growth of t he bulge cont inued at a 
nearly constant rate. On the morning of May 
18, a major eruption destroyed the summit 
and north flank of the mountai n. In 
intensity and volume of material involved, 
this erupti on appears to be equival ent to 
the 79 A.D. eruption of Vesuvius that 
destroyed Pompeii . Although the remote 
l ocati on of Mt . St. Hel ens prevented major 
l oss of life, about 60 people are known dead 
or remain unaccounted for as a result of this 
eruption. 
This note summarizes observations of 
eruptive activity and morphologi c changes in 
the volcano up to the eruption of May 18. 
Reference data include both aerial and 
groundbased still photography and sketches, 
and 16mm movie fi lm taken from a U. S. 
Geological Survey observation camp about 15 
km northwest of the mountain. Additional 
background data and details of eruptions and 
compositions of eruptive products through 
August , 1980, are given by Goblitt et al . , 
1980. 
In press: Proceedings International 
Association of Volcanology, Azores 
University, 1980 . 
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A C 0 U S T I C S 
ACOUSTIC FLUCTUATIONS IN THE OCEAN 
Yves Desaubies 
Experimental and theoretical 
invest igati ons of acoustic f luctuations in 
t he ocean are reviewed. The discussion is 
limited to signals propagating in the ocean 
interior where scattering is in the forward 
direction. Interactions with the surface 
and bottom are not considered . 
The fluctuations stem from changes in 
the index of refraction induced by a 
variety of processes , ranging in time 
scales from minutes to weeks, in space from 
centimeters to the hundreds of ki lometers . 
Internal waves have a particularly 
signif icant effect on scattering, and have 
been the object of several investigat ions , 
which are rev iewed here. 
Publi shed i n: " Cav itati on and 
Inhomogenieties in Underwater 
Acoust ics ", W. Lauterborn, ed. , 
Springer Ser ies in Electrophysics, 
4, Springer-Verl ag , N. Y., 1980. 
Supported by: ONR Contract N000-14-
79- C-0071. 
FLUCTUATIONS IN SOUND TRANSMISSION 
THROUGH INTERNAL WAVES ASSOCIATED 
WITH THE THERMOCLI NE : A COMPUTER 
MODEL FOR ACOUSTIC TRANSMISSION 
THROUGH SOUND VELOCITY FIELDS 
CALCULATED FROM THERMISTOR CHAIN 
CTD , XBT AND ACOUSTIC BACKSCATTERING 
Lincoln Baxter II amd Marshall Orr 
In ocean in ternal waves, fro nts and 
eddies the speed of sound must be modeled 
by a compl icated function of position and 
depth. Such a f unction can be ge nerated by 
interpolating between a ve ry large number 
of sound veloc i ty profiles . A program 
package which performs local bi cubic inter-
polat ion to trace acousti c r ays , plot ray 
diagrams and ca lcul ate acoustic in tensi ty 
is described. In tens ity for short range 
high freque ncy transmission in such sound 
speed f ields to ranges of 1 to 5 km can 
vary, between receiver locations no more 
than a few hundred meters apart , by at 
leas t 15 to 20 dB. In the programs we 
assume cy li ndr ica l symmetry abou t the 
source . The time-dependent eikonal 
equations are numer ically integrated by a 
fourth order Ru nge- Ku tta method. Though a 
very large number of prof il e data points 
are entered into a matrix to describe the 
OE -3 
sound speed field in the pl ane of the 
ray trace, bicubic interpolation is required 
for the integration steps which are muc h 
smaller than the di stance between the data 
points. In non-range-varying vers ions of 
rea l istic sound veloc i ty profil es, inte-
gration steps of .00025 to .00075 sec yield 
ray t races which agree with those compu t ed 
fr om Snell ' s Law for dis tances up to 8600 
meters. We also agree with the r ange-
dependent ca lcul at ions of 0. S. Lee, who 
traced rays and computed intensities in a 
si nu so idal model of an internal wave by 
numerical integrat ion of eikonal equations 
from which travel time had been 
eliminated. Ray traces in a sound speed 
fi eld computed from C. Paulson's thermistor 
stri ng data from R/V ATLANT IS II on the 
1978 Jo int Ai r-Sea In teract ion Experiment 
(JASIN) are also discussed . 
Supported by: NORDA Con tract 
N00014-77-C-0196. 
BOTTOM INTERACTION OF LOW-FREQUENCY 
ACOUSTIC SIGNALS AT SMALL GRAZ ING 
ANGLES IN THE DEEP OCEAN 
George V. Frisk, James A. Doutt 
and Earl E. Hays 
The resu lts of a deep ocean bottom 
interact i on exper iment are presented in 
which the effects of both bottom refraction 
and subbottom reflection were observed . 
Data were obtained in the Hatteras Abyssa l 
Pl ain using a deep towed 220Hz pu l sed CW 
source and two receivers anchored near the 
bottom. For ranges between 1 and 6 km , 
correspondi ng to bottom grazing ang les less 
than 130 , the quadrature components of 
the rece ived signal s were recorded 
dig itally. The observed ampli t ude shows a 
strong spatial interference pattern which 
is composed of the direct and bottom 
interacting arrival s. It is shown t hat for 
small source- receiver separat ions , the 
bottom return is dominated by a strong 
subbottom reflection . With increasing 
separation this arrival evo l ves i nto a 
refracted arrival due to the presence of a 
posit i ve sound speed grad ient in the 
sediment ove rl ying the subbottom. Because 
of the gradient a caust ic i s formed , and 
correspondi ng high intens ity regions are 
observed in the data at the expected 
ranges . Values of sediment layer thick-
ness, sound speed grad ient , and sound speed 
drop at the water-bottom i nterface are ob-
tained from best fits to the data usi ng ray 
theory, normal mode theory, and the para-
bolic equati on method. These va lues are 
consis tent with those obtained in nearby 
locations by other workers. The success of 
the parabolic equation method indicates 
that at small grazi ng angl es t he bottom 
in teract i on process may be modeled as a 
propagation process combined with the 
effect of a perfect, soft subbottom 
ref lect or. A value of sediment attenua-
t i on, 0.0015 db/m at 220 Hz, is al so 
inferred from the data and is among the 
lowes t va lues reported to date in t he 
l i terature. 
Supported by: NORDA Contract N00014-C-
0196. 
OE -4 
DE TERMI NATION OF SEDIMENT SOUND SPEED 
PROFI LES USI NG CAUSTI C RA NGE INFORMATION 
George V. Frisk 
A method for determining sed iment sound 
speed prof iles is descr ibed. It employs 
measurements, obta i ned at var ious receiver 
heights, of ranges to the caustic which i s 
fo rmed due to a positive grad ient i n the 
sediment. The bottom profile can then be 
obtained from equat ions , der i ved using the 
WKB approx imati on, which re l ate the para-
meters of the water-bottom pr ofile to the 
caust ic range and source/rece i ve r heights. 
Usi ng an ex i st ing result, t he theory is 
pr esented for the case of an isovelocity 
ocean overlyi ng a sed iment hal f -space with 
a linear gradient and continuous sound 
speed at the water-bottom i nterface. A new 
t heoret ica l result i s der i ved for the 
linear grad ient case with a disconti nuity 
at the water-bottom interface. The method 
is illustrated using data at 220 Hz . 
To be published in : Bottom-Interacting 
Ocean Acoust ics, Vol. 5 of the NATO 
Conference Series (IV-Mar ine 
Sciences), 1980 (Plenum). 
Support ed by: NORDA Contract 
N00014-77-C-0196. 
ACOUSTIC SENSING OF PARTICL ES SUSPE NDED 
BY WAVE- BOTT OM INTERACTIONS 
Mars hall H. Orr and Wil li am D. Grant 
The inability t o measure the tempora l 
and spat i al distributions of part i cles sus-
pended by t he action of combined waves and 
currents i s a limit ing facto r in obta ining 
quantitative data to test t he vari ous theo-
retica l or empirical mode l s which have been 
hypothesized to expl ain the process of 
part i cle suspension in a beach, estuary or 
cont i nental she lf envi ronment. An exper i-
ment has been conducted in a wave tank to 
exami ne the feasibility of using a 1 MHz 
acoust i c system to study the t empora l 
dependence and spati al distri bution of sand 
grains ra ised from the tank bottom during 
the passage of waves of known period and 
amp litude. Data showing the acousti c detec-
tion of fine to medium s ized sand grains 
suspended by surface grav ity waves are 
presented to ill ustrate the sui tab ility of 
using acoustic systems to study the par-
ti cle- suspension process . Acoustic systems 
used in conjunction with instruments s uch 
as current meters and Reyno lds stress 
measur ing devices wi ll all ow a more 
complete underst anding of wave/ current/ 
bottom interactions and the associated 
suspension of sediments. 
Supported by: ONR Contract N00014-
79- C- 0071. 
ACOUSTIC IMAGING OF STRUCTURE AND 
MACROFAUNA IN THE UPPER lO CM 
OF SEDIMENT USING A MEGAHERTZ 
BACKSCATTERING SYSTEM 
Marsha ll H. Orr and Donald C. Rhoads 
A rapid i n s itu bottom survey t echnique 
i s needed to prov1de informati on about 
sed i mentary structures , boundary roughness 
and macrofaunal distributions in estuarine, 
conti nental shel f and deep sea sed iments. 
We have made pre liminary studies us ing 
ultrasound imaging as a means of prov iding 
this kind of information. Our laboratory 
stud ies have shown that a high-frequency 
acoustic backscattering system operated at 
1.6 MHz can accurately image the distri -
bution of laminati ons and tubes in muddy 
sedi me nts. We compare the acoustic images 
with r ad iographs t aken fr om t he same sec-
tions of the test sediment to demonstr at e 
t he acc ur acy and r eso l ut ion of the acoustic 
r ecord. Th i s acoustic t echnique can be 
adapted to a towed s led vehicle to provide 
in situ high-resolution (~ l em) subbottom 
(0-10 em) prof il es of sedimentary fabri cs 
and biologi c structures . 
Supported by: ONR Contract N00014-79-C-
-007l. 
FINAL REP ORT FOR THE YEAR 1978 
REMOTE ACOUSTIC SENSING OF THE 
PARTICULATE PHASE OF INDUSTRIAL 
CHEMI CAL WASTES AND SEWAGE SLUDGE 
Mars hall H. Orr, Lincoln Baxter II 
and Frederick R. Hess 
The seasona l variability of the 
dispersion of t he part i cul ate phase of 
industria l chemica l wast e has been studied 
with acoustic backscatt ering techniques at 
Deep Water Dumpsite 106 (DWD 106). · The 
vertical dispersion of the particulates has 
been found to be strongly dependent on the 
depth of the mixed layer and the magnitude 
of the density gradient associated with the 
seasonal thermocline . The horizontal dis-
persion of the particulates as a function 
of depth has been found to be strongly 
dependent on the shear present in the water 
column. Entire waste plumes have been 
found to be advected out of the dumpsite in 
less than 24 hours when the area i s 
occupied by a warm core ring. 
Simpl e ca lculations based upon Stoke ' s 
law are presented to reveal the impact of 
variab le oceanic density structure on the 
s ink rate of particles and to indicate the 
need for incorporat ing these considerations 
into numerica l models. 
A short discussion is presented on (l) 
the need to make field measurements on the 
magn itude of both turbulence and shear in 
the water column and (2) the need to incor-
porate shear and turbulence-dependent calcu-
lations for the sink rates of particles into 
those numerical models which may be used to 
predict the particulate and effluent disper-
sion rates at DWD 106. 
Supported by: NOAA Grants 04 -7-1 58-
44054 and NA79AA-D-00030; and 
Ocean Dumping Grant 04-8-MOl-43. 
REMOTE ACOUSTIC SENSING OF OCEANIC 
FLUID AND BIOLOGI CAL PROCESSES 
Marshall H. Orr 
High frequency acoust i c backscattering 
systems are being used in monostatic modes 
to evaluate the use of acoustic techniques 
to detect and study a var iety of fluid 
processes in the oceanic environment. A 
short outline of those research programs 
actively eva luating and using acoustic 
techniques is presented, followed by a 
detailed review of this investigator's 
program. This program uses a multi-
frequency high frequency acoustic system to 
study a variety of processes including tur-
bu lent mix ing, ai r - sea in t eract ions, inter-
nal waves, inter leaving water masses, 
natural particulate dispers ion and distri-
bution, the dispersion of particulates 
associated with deep ocean disposal of 
industrial chemical waste, and biol ogica l 
response to a variety of stimulae including 
fluid motion , predators, and oceanographic 
instrumentation. Graphic acoustic data 
records of several of the above phenomena 
are described. 
OE-5 
Supported by: NSF Grant OCE77-08682 ; 
ONR Contract N00014- 77 -C-Ol96; and 
NOAA Grants NA79AA- D-00030 and 
NA79AA- D- 00102 . 
REMOTE ACOUSTIC DETECTION OF PREDATOR-PREY 
INTERACT ION, BIOLOGICAL RESPONSE TO OCEANO-
GRAPHIC INSTRUMENTATION, AND THE RESPONSE 
OF BIOLOGICAL ORGANISMS TO FLUID PROCESSES 
Marshall H. Orr 
The interact ion of oceanic bio logi ca l 
organisms and the response of these 
organisms to fluid processes and oceano-
graphi c instrumentation are difficu l t to 
remotely sense and study. A narrow-beam 
multifrequency acoust ic backscattering 
system operating at discrete frequencies i n 
the 10-600 kHz band has recently detected a 
variety of interesting biologica l inter-
actions and responses to fluid processes in 
the shelf waters of both the eastern and 
western coasts of the United States of 
Amer ica. Those processes which have been 
detected inc lude predator-prey inter-
actions , the response of biological 
organisms to short-period internal waves 
and lee waves, and biologi cal response to 
slow-movi ng oceanographic instrumentat ion. 
Acoustic records which di splay these 
interact i ons are presented . 
Supported by : NOAA Grant NA79AA-D 
-00030; NORDA Contract N00014-
77-C-Ol96; and NSF Grant OCE77-
08682. 
MULTIPATH PROCESSING FOR 
OCEAN ACOUSTIC TOMOGRAPHY 
Robert C. Spinde l 
An acoustic method for mapping the 
ocean sound speed field over basin wide 
areas, known as ocean acoustic tomography, 
is being devel oped . Acoustic trave l time 
(time- of-f l ight) variat ions between 
mult ipl e fixed sources and rece ivers are 
measured and an image of the interior ocean 
sound speed field is reconstructed us ing 
inverse techniques . Anoma l ies in ocean 
structure, such as the ocean eddy field, 
can be deduced from estimates of the sound 
field since sound speed is strong ly 
dependent on temperature, salinity, and 
density. Th i s paper describes the 
princip les of the tomographic technique and 
the special signal processing schemes that 
have been devised to implement a practical 
system. 
Supported by: ONR Contract N00014-79-C-
007l and NOROA Contract N00014-77-C-
Ol96. 
STABILITY AND IDENTIFICATION 
OF OCEAN ACOUSTIC MULTIPATHS 
John L. Spiesberger, Robert C. Spindel 
and Kurt Metzger 
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A phase-coded signal with 64-ms 
resolution was transmitted at 10-minute 
intervals for a 48-day period between an 
acoustic source moored at 2000 m depth and a 
bottom mounted receiver at 3000 m depth and 
at 900 km ran ge . About 16 multipaths were 
resolved. They were stable in the presence 
of ocean fluctuations and cou l d be 
identified (with some exceptions) from ray 
theory. The precision to which daily 
travel-time fluctuations along multipaths 
could be measured was better than 10 ms. 
The resolution, stability, identificati on, 
and precision i s adequate for acoustic 
monitoring of mesoscale ocean variability 
by measuring travel-time variat ions along 
ray paths. 
Supported by: NORDA Contract 
N00014-77-C-0196 and 
ONR Contract N00014-79-C-071. 
OCEAN ACOUSTIC MONITORING: 
ACOUSTI C TOMOGRAPHY 
Robert C. Spindel 
An acoustic method for monitoring 
mesoscale ocean features over basin wide 
areas, known as acoustic tomography, is 
being developed . This paper describes the 
principles of the technique, and the 
specialized equipment designed to meet 
stringent technical requirements. We also 
present results of recent experiments, fore-
runners of a full-scale system deployment, 
that demonstrate the feasibility of the 
method . 
Supported by: ONR Contract N00014-79-C-
0071 and NORDA Contract N00014-77-C-
Ol96 . 
AN UNDERWATER ACOUSTIC PULSE 
COMPRESSION SYSTEM 
Robert C. Sp indel 
This paper describes the s i gnal 
processing scheme used in sources and 
receivers for the remote acoustic 
measurement of the oceanic sound velocity 
field. Ocean sound velocity varies in 
response to interior dynamic processes so 
that a continuous sound field measurement 
is expected to provide a unique view of 
physical oceanographic phenomena. The 
basic signal processing technique uses 
maximal length shift register sequences 
with frequency-domain (nonpower of 2 FFT) 
matched fi l tering. 
Supported by: NORDA Contract 
N00014- 77-C-0196 and ONR Contract 
N00014-79-C-0071. 
MULTIPATH VARIABILITY 
DUE TO THE GULF STREAM 
Robert C. Spindel and 
John L. Spiesberger 
A phase-coded signa l with 64 ms 
resolution was transmitted at 10-minute 
intervals for a 19-day period over two 
rJ 300 km ranges . The acoustic source was 
moored at 2000 m depth northwest of 
Bermuda. One rece iver was moored at 2000 m 
depth to the northeast of the source and 
the other receiver was bottom mounted at 
1000 m depth near Bermuda. The large (rJ 
.6s) travel-time change at the Bermuda 
receiver is probably due in large part to 
motion of the source moor i ng in the 
presence of currents . The multipath 
arrival pattern at the moored receiver 
undergoes significant modification due to 
the presence of a southern meander of the 
Gulf Stream wh i ch intersects this 
transmission path . 
Supported by: ONR Contract N00014-79-C-
0071 and NORDA Contract N00014-77-C-
0196. 
TIDAL EFFECTS ON LONG-RANGE 
SOUND TRANSMISSION 
Walter Munk, Bernard Zetler, 
John Clark, S. Gill, David Porter, 
John Spiesberger and Robert Sp i nde l 
Time- ser ies of acoustic travel times 
over long distances have significant tidal 
components . We discuss three experiments: 
(i) For a 900 km westward transmission from 
a moored source southwest of Bermuda, the 
M2 constituent (apart from mooring 
motion) of 8 ms can be accounted for by a 
variab le propagation with and against the 2 
em/sec barotrop ic tidal current. The 
situation is different for the K1 and 
s2 constituents (which have a significant 
so lar component), particularly for rays 
with shallow turning points, suggesting an 
effect from a minute dai ly variation in the 
temperature of the upper 100m. (ii) For a 
500 km transmission from Eleuthera north-
ward and parallel to the continental mar-
gin, the measured M2 constituent is not 
in phase with the computed effect or-fne 
barotropic tidal current, unlike the west-
ward transmission mentioned above. Here 
the mode conversion from barotropic to 
baroclinic tides plays a crucial role: the 
principal cause of the travel-time osci ll a-
tions in quadrature with the tidal current 
is a vertical osc ill at i on by several meters 
(and attendant temperature and sound speed 
f l uctuations) assoc iated with the bare-
cli nic t ide just seaward of the cont i nental 
marg i n, in t he near-zone of mode conver-
sion . (ii i ) Fina l ly, for 300 km trans-
mi ssions from a moored source northwest of 
Bermuda to both a moored receiver and a 
l andbased receiver , the t idal components in 
the trave l time are dominated by t idally 
induced mooring motions. The tida l amp l i-
tude var ies in time as the tida l mooring 
motion is modu l ated by the var i able current 
(because of t he non l inear drag), and the 
cu r rent can be so estimated . An important 
part , poss i bly a predominant part, of the 
(non t ida l ) trave l ti me vari ation of 0.7 s 
i s ev ident ly assoc i ated wi th t he mean 
moor ing mot ion. The interpretation of the 
ti dal f luctuat ions in travel t i m~ is var ied 
and complex . 
Suppor ted by : ONR Contract N00014- 74- C-
0262. 
STABIL ITY AND IDENT I FICATION OF 
OCEAN ACOUSTIC MULTIPATHS 
John L. Sp iesberger, Robert C. Spindel 
and Kurt Metzge r 
A phase- coded signal with 64-ms 
resolution was transmitted at 10-minute 
intervals for a 48-day per iod between an 
acoustic source moored at 2000 m depth and 
a bottom mounted receiver at 3000 m depth 
and at 900 km range . About 16 multipaths 
were resolved . They were stab le in the 
presence of ocean f l uctuations and could be 
identified (with some except ions) from ray 
t heory. The prec i s ion to wh ich dai ly 
travel-time f l uctuations along mu l tipaths 
cou ld be measured was better than 10 ms. 
The resolution, stability, identification, 
and prec ision i s adequate for acoust ic 
monitoring of mesoscale ocean var iabi l ity 
by measuring travel-time variat ions along 
ray paths. 
Supported by: ONR Contract N00014-75-C-
01555. 
C 0 A S T A L D Y N A M I C S 
MOVEABLE BED ROUGHNESS IN 
UNSTEADY OSCILLATORY FLOW 
William D. Grant 
A model to predict the roughness in 
unsteady oscillatory flows over moveable , 
non-cohesive beds is presented. The 
roughness over moveable beds is shown to be 
a function of the boundary shear stress, 
rather than a fixed geometrical scale as is 
the case for fully rough turbulent boundary 
shear flows over immobil e beds . The model 
partitions the roughness into two distinct 
contributions . These two contributi ons are 
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due to the form drag around indiv idual bed 
forms and to the near- bed sediment trans-
port. The form drag over the bed forms is 
treated exp l icitly as a function of the 
boundary geometry and shear stress . The 
r i pp les are predicted as a function of the 
loca l sk i n friction and a semi-empirical 
expression i s derived using standard 
l aw-of- the- wall arguments, which gives the 
ripple or form roughness as a function of 
the boundary geometry . Favorable compari-
son of the form drag model with the resu l ts 
of Bagnol d's (1946) fixed r i pple study is 
fou nd. 
The value of z0 assoc i ated with in-
te nse sediment transport in oscillatory 
f l ow over a flat bed is determined from 
Carstens et al . ' s (1969) experiments. Th i s 
value is found to be 7 or 8 grain 
di ameters . It is shown that this va lue of 
z0 is an order of magnitude larger than 
the th ickness of the bed load layer 
predicted by modifying Smith and McLean's 
(1977) bed load roughness model to apply in 
osci ll atory flow . An alternative model is 
suggested for the roughness associated with 
the maximum thickness of a near-bottom 
moving sediment layer consistent with 
Owen's (1964) roughness hypothesis for 
saltation of uniform grains in air . 
The total roughness model is found to 
compare favorab ly wi t h Cars tens et al . ' s 
(1969) data. In contrast to Smith and 
McLean ' s (1977) "steady" flow f i ndings , the 
results here show t hat when ri pples are 
present , they account for a significant 
portion of the boundary roughness . 
Supported by: NOAA Grant NA79AA-D-00102 
and NSF Grant OCE77-25958. 
C 0 M P U T E R S C I E N C E 
COMPUTER STORAGE AND RETR IEVAL OF 
POSIIION-DEPENDENT DATA AT 
WOODS HOLE OCEANOGRAPHIC INSTITUTION 
Robert C. Groman 
Numerous storage and retrieval schemes 
have been implemented at the Woods Ho le 
Oceanographic Institution to manage and 
manipu late var ious location-dependent data 
sets . Five such schemes are described 
here. These systems deal with cu rrent 
meter data, CTD data, gravity data, seismic 
refraction data, and underway geophysical 
data . A short description of the firs t 
four systems is presented, whi l e a more 
detai led discussion of the underway geo-
physical data library system i s provided . 
Supported by: WHOI Pr oject 4401. 
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G E N E R A L 
SEASONAL DEPENDENCE OF THE VERTICAL AND 
HORIZONTAL DISPERSION OF PARTICLES FORMED 
OR RELEASED DURING THE DISPOSAL OF IN-
DUSTRIAL CHEMICAL WASTES OR SEWAGE SLUDGE 
Marshall H. Orr and Lincoln Baxter II 
A high-frequency acoust ic backscatter-
ing system has been used to detect particu-
lates released or formed during the dis-
posal of industrial chemical wastes or 
sewage sludge at the Deep Water Dump Site 
(DWD 106 ) located over the continenta l 
slope about 195 km southeast of New York 
Harbor. The particles associated with the 
chemical waste plume have served as water-
borne tracers which can be acoustically 
tracked to determine the depth to which 
they penetrate, to determine the temporal 
variability of their horizontal distribu-
tion, to indicate the effects of shear and 
density gradients on their vertical dis-
persion , and to allow the tempora l and 
spatial mapping of their distribution such 
that adequate chemical and biological 
sampling of the water column through which 
they are dispersed can be accomp li shed. In 
those situations in which the particles are 
known to be nearly neutrally buoyant, their 
vertica l and horizontal distribution should 
be representative of the distribution of 
the effluent phase of the chemical waste 
field. 
The acoustic data has shown that the 
vertica l and horizontal distribution of the 
particu l ates released at DWD 106 is 
seasona lly dependent, reflecting the 
var iabi lity of the density gradi ent 
associated with the base of the seasonal 
mixed layer and the seasonal var i ability of 
the depth of the mixed layer. The 
acoustics have also been successful in 
following and outlining plumes of waste 
material which were being advected (at a 
speed of ~7 5 em/sec) by a warm core 
ring. In a qualitative sense, the acoustic 
backscattering technique is beneficial to 
an environmental impact monitoring 
experiment. However, one of the objectives 
of developing the technique has been to 
extract quantitative information about the 
fluid processes in the open ocean 
environment. Specifically, what are the 
horizontal and vertical dispersion 
coefficients of the particle plumes? The 
acoustic technique has been limited in 
reaching these goals by a variety of 
constraints. These are: inadequate 
navigation, inadequate ab il ity to obtain 
high-resolut ion shear measurements, 
inadequate know ledge of the influence of 
turbulence on the particle fie ld, and the 
lack of knowledge concerning particle size 
distribut ions and densities (hence settl i ng 
rates) for the var ious materia l s released 
at the dump site. 
Supported by : NOAA Grants 04-158-
44054, NA79AA- D- 00030 and 
04-8-MOl-43; and NORDA Contract 
N00014-77-C-0196. 
G E 0 L 0 G Y 
THE GALAPAGOS RIFT AT 86 DEGREES W: 
VARIATIONS I N VOLCANISM , STRUCTURE , AND 
HYDROTHERMAL ACTIVITY ALONG A 30 KM 
SEGMENT OF THE RIFT VALLEY 
Robert D. Ba l lard, Tjeerd H. van Andel 
and Robin T. Holcomb 
A 30 kilometer segment of the Galapagos 
Rift near 860W has been mapped in detail 
us ing the ANGUS towed camera system, the 
submersible ALVIN , and multi -n arrow beam 
sonar data . Recent volcanic activity and 
active hydrothermal circulation are evident 
along the entire length of the segment 
mapped. There are, however , clear along-
strike variat ions i n these processes which 
render previous two-dimensional models 
obsolete. Although alternate exp l anations 
are possible, eruptive sequences appear to 
begin with the outpour ing of surface-fed 
sheet flows and end with more channe lized 
pillow flows. In the western portion of 
the rift studied, sheet flows dominate with 
the entire valley floor covered by recent 
flows associated with a broad shield vo l -
cano. The eastern portion, on the other 
hand, is narrower consisting primarily of 
less voluminous pillow flows of apparently 
the same youthfu l age . Three possible 
mode l s for the vo lcani c evolution of this 
rift segment are presented. According to 
the first model, the extrusive portion of 
the crust is formed by a distinct volcanic 
episode, followed by a long period of 
volcanic quiescence. The vo lcanic phase 
beg i ns with voluminous sheet flows emerging 
from numerous erupt ive fissures, whi ch in 
time evolve into a narrow pillow ridge. 
Farther al ong-str i ke , where the flows are 
small er and the extrusive zone narrow, the 
marginal portions undergo continued 
fissuring and subsequent up li ft to form 
margina l highs and lows. This 
deformational activity also affects the 
extrusive zone once volcanic activity ends, 
converting the distinctly lobate topog-
raphy of the active period i nto high l y 
lineated fault- controll ed terrain. 
According to the second mode l, extension 
and volcanism can be viewed as a continuous 
process without major per i ods of volcanic 
quiescence . The initi al lava flows of a 
new eruptive sequence fill low areas , 
frequently spilling over local s i lls and 
flooding much of the rift va l ley. These 
sheet flows are t hen capped by pill ow 
ridges, but from an area l view sheet f l ows 
dominate, since they can flow over much 
great er di stances . In t he t hird mode l 
along-strike differences in flow type arise 
from ephemeral differences i n spreading 
rate along adjacent segments of the rift 
separated by transient transform fau l ts or 
adjacent seqments of en echelon spreadinq 
seqments. In this third model, eruptions 
dom i nated by sheet flows are associated 
with a fas t er spreadi ng element than 
eruptions dom i nated by pillow flows. 
Active hydrothermal vent fields were found 
throughout the study area, as well as 
numerous yellow and ocher accumulations of 
what appear to be massive sul fide 
deposits. These latter deposits are not 
associated with active venting, apparent ly 
reflecting previous act ive hydrothermal 
phases whe n the exist ing temperatures were 
suffic iently high to permit surf ic ial 
sulfide deposit i on. The active vent fields 
exh ibi t along-str i ke variations in their 
exit i ng temperatures, either due to 
ephemeral differences i n spreading rate or 
variat i ons i n the vo l canic f low sequences . 
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Suppor ted by: ONR Contract N00014- 79- C-
007 1; NSF Grant OC E79-05557 ; NGS 
with WHOI and ONR Contract wi th Stan-
ford Univers i ty N00014 - 77 -C- 0390. 
EAST PACIFIC RI SE AT 21 DEGREES N: 
THE VOLCANIC, TECTONIC, AND HYDROTHERMAL 
PROCESSES OF THE CENTRAL AXIS 
Robert D. Bal l ard, Jean Francheteau, 
Tierre Ju teau, Claude Rangan 
and William Normark 
Photogr aphs obtained by the ANGUS 
survey system at 210N reveal many 
s imilarit ies to the geological processes 
de li neated at other spreading centers and 
in particular those observed in t he 
Ga l apagos Rift at 860W. The region of 
recent volcanism is restricted to a narrow 
zone (Zone 1) approximately l km wide. 
Thi s suggests that the wi dth of the magma 
chamber feeding these flows is also narrow 
at the top. Variations in sediment cover 
are used to sub-divide the flows within 
Zone 1 into three sheet-f l ow/pillow-f l ow 
pairs. The youngest pair appears to have 
erupted from a linear fissure 8 km long 
running parallel to the va ll ey axis . This 
f issure is part of a larger en echelon 
pattern of erupti ve fissures. Act i ve 
hydrotherma l vents assoc i ated with the 
youngest flows are situated directly above 
the apparent eruptive f i ssure. The high 
(3500C) temperature for some of the 
fluids exiting from the vents suggests a 
high ly r estricted circulat i on system 
involving, at times, little to no mixing 
with cold seawater . The lava terrain in 
the remainder of Zone 1 and border i ng 
regions is characterized by extensive 
fracturi ng, further sugges ti ng a narrow 
upper dimension to the magma chamber and 
al so that sub- surface hydrothermal 
deposit ion of massive su lf ides may lead to 
a reduct i on in the mix i ng processes. 
Support ed by : NSF Grant OCE78-
23461 and ONR Contract 
N00014-74-C-0262 . 
TH E GALAPAGOS RIFT AT 86 DEGREES W: 
STRUCTURE AND MORPHOLOGY OF HYDRO-
THERMAL FIELDS AND THEIR RELATIONSH IP 
TO THE VOLCANIC AND TECTONIC PROCESSES 
OF THE RIFT VALLEY 
Kathleen Crane and Robert D. Ballard 
The ANGUS camera syst em is used to 
investigate the deta il ed struct ure and 
morphology of the ac ti ve hydrothermal vent 
fie l ds of the Galapagos Rift. Precision 
navigational data are combined with micro-
topographi c i nformation and detailed geo-
logical and bio logical observations ob-
tained from an analysis of the color bottom 
pictures to creat e a series of three-
dimens iona l models for each vent field. 
The five isolated vents are d i stributed 
along the southern boundary of a fissure 
wedge that cuts along the active axial 
high. All but one vent occur in pil low 
terrain. The fifth vent i s at the contact 
between a pill ow flow and sheet flow . 
Vents range in size from 400 m2 to 1600 
m2 and are spread out al ong 2.8 km of a 
l i neated fissure system that trends 
0950 . They are spaced at intervals 
rangi ng from 250 m to 1600 m with an 
average separation of 700 m. Vents are 
bound by tectonic features such as fissures 
or smal l throw faults. The egress of water 
is loca lized in smal l pockets within the 
fields. These zones of egress are di s-
tinct ly unfissured . Instead, the water 
emanates out of rock to rock brecciated 
contac t s. These thermal pockets range from 
15 m to 40 m in diameter and are charac-
terized by large concentrations of benthic 
fauna. On the bas i s of animal communities 
the fields may be divided into two dif-
ferent types, the western and the eastern 
groups . The two western fields are pre-
dominantly popu l ated by cl ams 
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(Vesicomyidae) and mussels (Mytili dae) . 
The eas t er n three fields are dominated by 
tube worms (Vest imentifera} , mussels, 
serpulid worms, and the spherical, colonial 
animal dandelion. The positioning of the 
vents on t he fissure wedge implies a 
tectonic propagat i on and age gradat i on up 
and down the r i f t. At any one time, 
adjacent segments of the rift val ley may be 
in different states of a volcanic and 
tectonic cyc le. As cool ing of a cen tral 
magma intrusion occurs , f issures propagate 
toward the remaining heated core, opening 
up pathways for the egress of heated bottom 
water. Cooling continues and the outermost 
vents die out. Precipitates bl ock pas-
sages, capping the terra i n. As extension 
continues , t he very oldest sector of t he 
va ll ey wi l l fracture. The i ncipient stress 
drop gener ates the erupti on of a new magma 
center down-strike from the former center , 
t hus ensuring a vo l canic and tectonic 
periodicity in space and t ime up and down 
the rift valley. 
Supported by : NSF Grant OCE77-
23978. 
VOLCANICS AND STRUCTURE OF THE FAMOUS-
NARROWGATE RIFT : EVIDENCE 
FOR CYCL IC EVOLUTION 
Kathleen Crane and Robert D. Ballard 
A near-bottom photographi c su r vey on 
the ~id-At l antic Ri dge from the FAMOUS 
region south to Trans f orm B reveals 
structura l and volcano l ogic evidence for an 
alternating widening and narrowing rift 
valley. Extension wedges appear to be 
propagating south from Transform A and 
north from Transform B. These merge at Mt. 
Mars where the rift val ley is narrowest and 
shoalies t (Narrow gate), givi ng the va ll ey a 
symmetr i cal hourglass shape . Three major 
volcan i c en echelon li neaments trend 
NlOOE, 100 obl ique to the str i ke of the 
inner wal l s . Fault i ng and f i ssuring are 
antisymmetrical across the r i f t valley in 
contras t to the major extens i on. This 
contrasting antisymmetry reflects the 
surficial distribution of stress across 
crust of varying strengths , whereas the 
l arge-scale wedge phenomenon determi nes the 
periodicity of transition from a narrow 
valley t o a wide valley. Using vector 
analysis, the extens i on wedges are 
propagating at about 12 cm/yr towards each 
other. At th i s rate, a narrow rift va ll ey 
will be f ully transformed into a ~~ i de r i ft 
in 0. 5 million years . 
Supported by : ONR Contr act N00014-79-C-
007l. 
CR USTAL PROCESSES OF THE MID-OCEAN RIDGE 
BY THE EAST PACIFIC RISE STUDY GROUP 
Robert D. Ballard et al . 
Independent geological and geophysica l 
investigations of the Mid- Ocean Ridge have 
begun to focus on the natur e of the magma 
chamber system underlying its central 
ax i s. Therma l mode ls predict, except for 
extremely slow spreading r ates, the 
ex i stence of a steady-state chamber beneath 
a th in crustal lid ranging in thickness 
from 2-1 3 km . Se i smo logi cal stud ies reveal 
the existence of a l ow velocity zone 
beneath segments of the East Pac i fic Rise 
which is thought to correspond to a chamber 
sys t em having a half-width of approximate ly 
10- 5 km. These estimates compare favorably 
to ones derived separate ly through petro-
logical invest i gations of deep-sea dr ill i ng 
results , various sampl ing programs, and 
f i eld and laborat ory stud ies of ophiio-
l ites. The chamber is thought to be 
"wing" - shaped and cont in uously opens; fed 
fr om the center, while s imul t aneously 
solid ifying at the sides as spreading 
carr ies t he two halves apart . Progressive 
fract i onation occurs by cryst al sett li ng 
coupl ed with repeated replenishment and 
magma mixing in an open, steady- state 
system. Near-bottom studies reveal that 
the zone of extr usion above the chamber is 
narrow, but more important, its erupti ve 
history if cyc li c in nature in conf l ict 
with a steady-state model. On-bottom 
grav ity data at 210N on the East Pacific 
Ri se r eveal a negat ive gravity anomaly 
wh i ch may be related to the upper-most part 
of the chamber . The anomaly is on ly two 
ki l ometers wide and one ki lometer below the 
seafloor. Thi s feat ur e may be associated 
wi th a short-term upper magma reservoi r. 
The cyclic volcan i c ac t ivity is direc t ly 
related to the active phase of hydrothermal 
circulation responsible for the observed 
negati ve the rma l anomaly. The vo l ume of 
water involved in th i s circulation is equa l 
to the entire ocean passing through the 
accretion zone approximat ely every eight 
mil li on years. This i s about half a 
percent of the world' s rivers, but the 
ef fective transport rates of elements ar e 
comparable to those of ri ve r s i n that 
anoma li es for individual elements are 
fre quently between one hundred and one 
thousand times the average river compo-
sition. The degr ee of subsurface di lution 
determi nes the final exit temperature and 
compos i tion of the hydro t hermal fl uids, 
ran gi ng fr om manganese domination at 
extreme dil ution to iron at intermediate 
levels to sulph i de depos iti on when low 
dilut ion occurs. The discovery of mass i ve 
sulfide depos its on the East Pacific Rise 
is destined to ha ve a profound impact on 
our understanding of ore- forming 
processes. Whether or not it will have any 
economical significance remains to be seen. 
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Supported by: ONR Contract N00014-79-C-
0071 . 
I N S T R U M E N T A T I 0 N 
DIRECTIONAL , PEDESTAL- FREE LASER DOPPLER 
VELOCIMETRY WITHOUT FREQUENCY BIASING - I 
Yogesh C. Agrawal and James R. McCullough 
The spatial structure of the optica l 
fi eld on the detector of a l ase r Doppler 
velocimeter i s examined . It is shown that 
for sufficiently small scatterers, the 
optica l field is a travelling wave or shape 
determined by the detector optics alone . 
The direction of travel of the optica l 
field ref lects that of the scattering 
partic l e . Thus, the direction of motion of 
t he particle is determined by tempora l 
correlation of photocurrents from two 
spatially offset detector arrays . The 
Jrrays also eliminate the Doppler pedestal 
as shown by Ogiware (1979) . In this paper, 
the theory ot the new method i s described ; 
experimenta l impl ementat ion will be 
described in a complimentary paper . 
Supported by : ONR Contract N0014-79-C-
0017 and NOAA Grant NABOAA-D- 0077. 
BACKSCATTER LASER VELOCIMETER FOR 
ENERGETIC DEEP-SEA FLOWS: PERFORMANCE 
STUDY IN PARTICULATE-DENSE WATER 
Yogesh C. Agrawal , Wil li am E. Terry 
and Albert J . Williams 3rd 
A dual-beam backscatter l aser Doppler 
veloc imeter designed for oceanographic 
usage will be described . The i nstrument 
was constructed to test , i n the laboratory, 
the signal characterist ics as a func ti on ot 
suspended particle loading in the water - a 
subject of concern in the study of high 
energy be nthi c bo undary layers. It has 
been found that with proper design , the 
predominant mode of signal observed is 
s t i ll from the single scatterer , at 
particle concentrations of up to 5 mg/Q . 
Variations in signal - to-noise ratio will be 
desc ri bed and compared wi th theoretical 
ca lculations . 
Supported by : ONR Contract N0014-79-C-
0071 . 
THE DESIGN, CONSTRUCTI ON AND TESTING 
OF LORAN- C FROM A DRI FTI NG BUOY 
Cl ayton W. Coll i ns , Jr . and 
Robert G. Walden 
A low- windage , current- followi ng spar 
buoy system conta i ning an automatic Loran- e 
navigation receiver and a single s ideband 
transmitter with associated contro l cir-
cu itry is descr i bed . The Loran- e unit 
acquires an d tracks Loran- e signals and, at 
i nt ervals contr olled by an onboard timer, 
produces a digital message which modu l ates 
the transmitter. The transmitter sends 
this message vi a a radio te l emetry link to 
a base or ship receivi ng station where it 
i s decoded . The decoder displays the 
message con tents in the form of Loran-e 
time differences representing two lines of 
position , and thus a geographic fix . The 
system enables the posit ion of the buoy to 
be tracked as it drifts with the current 
and thus serves as an instrument in 
measur i ng surface and near- surface current 
transport . A physica l descr i pt ion , detail s 
of e lectri cal and mechanical des ign, and 
test results are documen ted i n this 
report . Feasibility of the system was 
proven , and a pre-prototype system built 
and tes ted. 
Supported by: NOAA Grants 04- 8- MOl-149 
and NA79AA-D-00102. 
A LASER VELOCIMETER FOR USE IN 
COASTAL BOUNDARY LAYER STUDIES 
William E. Terry , Jr . , Wi lli am D. Grant , 
Al bert J . Williams 3rd and 
Lawrence P. Sanford 
A single-axis forward scatter laser 
Doppler velocimeter (LDV) su i tab le for both 
l aboratory and f ield use has been des igned 
and built at the Woods Hol e Oceanogra ph i c 
Institution . A brief descri ption of the 
instrumen t and t he LDV technique i s given . 
Two appl i cat ions , one in the laboratory and 
one in the f ield , are descr i bed to ill us-
trate the ut i l i ty of the LDV tech ni que and 
the prototype system ; these are a study of 
the mean vel o~i ty structure in a turbulent 
wave boundary layer and a study of the 
effec t of mar ine organisms on sed iment 
stabi lity in non-cohesive sediments . 
Suppor ted by : ONR Contract N00014- 79-C-
0071 . 
A SIX-PORT UNDERWAY WATER SAMPLING SYSTEM 
Marsha ll H. Orr and Cli ffo rd L. Winget 
A six-port water sampli ng system has 
been constructed to obtain underway (0 to 2 
m/s) variable depth (0-100 m) uncontami-
nated sea water samples. The water 
handling components of the sample system 
consist of s i x 150 m lengths of TFE teflon 
hose and six water pumps wh ich are con-
structed with po lypropylene housi ngs . Each 
pump' s impeller was constructed from 
polypropylene and i s mounted on a ceramic 
impeller spindle. The pump thrust washers 
are also ceramic. Each of the six water 
samplinq ports are separated by 1 m i n the 
vertical. Each port delivers 5.7.£./min 
of sea water to deck level. The water 
sampling system's configuration, operati; ;g 
char acter ist i cs and present limitations 
will be di scussed. 
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Supported by: NOAA Grants 
04-7-158-44054 and NA79AA-D-0030; 
and Ocean Dump ing Grant 04- 8- MOl -43. 
THE DESIG N AND CONSTRUCTION OF A 
TOWED MULTI-PORT WATER SAMPLING 
PROBE FOR lOO METER DEPTHS 
Cliff ord L. Winget and Marshall H. Orr 
The experimental towed multi-port 
water samp ler was designed to provide a 
shipboard science party with the capability 
of obtain ing continuous water samples from 
the surface to a 100 meter depth. The 
device will simultaneously provide six 
samples spaced one meter apart in a 
vertical pl ane, while be ing t owed by a 
surface suppor t vessel at a forward speed 
of between two to three knot s. 
The device consists of a bottom fish 
containing six e lectric motors, each 
driving an individual pump. The six water 
samples are pumped to the surface using 
separate runs of TFE Teflon t ubing. The 
tube is mounted in a pli ant fairing that 
also houses the lift ing cable, power l eads, 
and i nstrumentation bundle. A drum winch 
is used to store a total of 150 meters of 
fa ired cable, and is capable of raising or 
lowering the fish wh il e under way. 
The sampler wi ll provide a discharge 
flow rate of 5.6 liters per minute from 
each sample tube, while pumping throu gh 150 
meters of 12.7 mm bore tubing, against a 
4. 5 meter head. A depth sensor transducer 
within t he f ish provides a top-side readout 
of t he actual operating depth of the fish, 
while a remote reading temperature sensor 
provides a continuous display of the water 
temperature. 
Supported by: NOAA Grant NA79AA-D-
0044. 
A STUDY OF CTD CABL ES AND 
LOWERING SYSTEMS 
Henri 0. Berteaux, Robert G. Walden, 
Yogesh C. Agrawa l and Donald A. Mo ll er 
This study first reviews both the e lec-
tr i cal and mechanical modes and causes of 
fa ilure of electromechanical (E/M) cab les 
used to lower deep sea sensors, such as CTD 
instruments, from oceanographic ships. 
It then outlines measures or steps that 
cou ld be taken t o correct some of the 
defic i encies observed and improve the 
systems presently used. These measures 
i nclude quality control, tests, operational 
limits, improved handling and maintenance, 
improved machinery. 
The study then surveys alternat i ve 
cables for l owering the sensors and convey 
the informat ion from the sensors back to 
the ship . These alternatives i nclude 
strength members other than steel (Kevlar) 
and signal carriers other than conventional 
copper conductors (f i ber optics). 
The fina l section - Conclus ions -
summari zes the recommendations, based on 
this study, f or improving the re li ability 
of present and future CTD lowering systems. 
Supported by: ONR Contract N0014-76-C-
0197. 
IMPROVING THE LIFE EXPECTANCY OF 
ELECTROMECHANICAL CABLE IN DEEP 
DEPLOYED PROFILING SYSTEMS 
Henri 0. Berteaux 
One way to obtain measurements of 
oceanographic parameters at great depths is 
to lower sensing i nstrument packages with 
electromechanica l (E/M) cables. Of 
necessity these cables are small, workable 
sizes but because of the long lengths 
deployed the weight often results in very 
high tension levels. Vesse l motion due to 
wave action introduces additional cyclic 
loads which can and often do cause cable 
deterioration due to fatigue. Salt water 
exposure results in accelerated corrosion 
of the cable armor wires. Kinks can occur 
during cable deployment. These prob l ems 
often result at best in loss of e lectrical 
s ignal due to short or open circuits and at 
worst in complete rupture of the cable and 
total instrument loss . 
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In an effort to improve the reliabi l ity 
and t he li fe expectancy of E/M cab les used 
i n deep dep loyed profi li ng systems , the 
Woods Hole Oceanograph i c Inst i tution (WHOI) 
rece nt ly completed a study to i nves t igate 
the modes and causes of cable fail ures and 
to recommend steps for correct i ng the 
def iciencies of the lower ing system. 
Supported by: ONR Contract N0014- 79- C-
0894. 
MOOR I NG DYNAMICS 
Henri 0. Berteaux 
Because of their inherent capacity of 
providing long-term series measurements of 
meteorological and oceanographic va~iables , 
a relative l y large number of moored buoy 
systems are each year deployed i n the 
wor ld ' s oceans . 
The simplest and most common buoy 
systems consist of a sur face or subsurface 
float , a single moor i ng line which supports 
the sensors, and one anchoring point. More 
comp lex systems may have severa l floats and 
severa l anchoring points. Buoy systems , 
their advantages and disadvantages, as well 
as many pract i ca l detai l s on moor i ng 
dep l oyment and retrieva l, ar e cove red . 
Moorings are constant l y subjected to 
the action of ocean waves and currents . As 
a result , the sensors these moorings 
support are constant ly moving in the 
environment which they try to monitor . 
This mot ion is a source of errors, or 
noise , that both scientists and instrument 
designe r s must and do r ecognize . 
To evaluate and possibly correct these 
errors, two types of models are needed: 
one which describes the dynamic response of 
specific moorings to the environmental 
excitation, and one which describes the 
response of specific instruments to mooring 
motion. A br ief review of t he techniq ues 
for pred icting, meas uring , and event ual ly 
reduc ing mooring motion is discussed . 
Supported by: NOAA Grant NA79AA-D-00102 . 
WEIGHT AND STABILITY OF DSRV ALVIN , 1980 
Arnold G. Sharp 
This r eport summar izes the we i gh t and 
stability computations and in-water 
stability tests for the deep submersible 
ALVIN for 1980 . Programmed computations 
are presented for the entire submarine in 
the norma l submerged and normal surface 
conditions . Results al so ar e given for the 
major vehic l e subassemb l ies including the 
released forebody. The major change to the 
submersible in 1980 was the i nstallation of 
a new forebody syntac t ic foam flotation 
package. Because of this mod i fication the 
i n-water testi ng was mor e extens i ve than 
usual . The tests conducted were the 
tethered tr im dive , fo rebody surface 
i nclin i ng experi ment, vehic l e surface 
inclin i ng experiment and veh icle submerged 
i nclin i ng experiment . Results of these 
tests are reported and miscellaneous 
related calcu l ations are i ncl uded . 
Supported by: ONR Co ntract N00014-73-C-
0097 . 
S T A T I S T I C S 
REPLICATION I N CONTROLLED MARINE SYSTEMS : 
PRESENTING THE EVIDENCE 
Woollco tt K. Smi th, Victoria R. Gibson 
and J . Freder ick Grassle 
The stat ist i cal des i gn and analysis of 
l arge enclosed mari ne experiments differs 
from small we l l-control led l aboratory 
experiments . In such large experiments , as 
i n most fie ld experiments , important 
environmenta l conditions , such as light and 
temperature , cannot be contro l led . Var ia-
tion due to t hese uncontrolled var i ab les 
can be mi nimized by us i ng paired exper i-
mental and con t rol un i ts exposed to the 
sarne environmental conditions . Primary 
productivity, species diversity, community 
dissimilarity , or some other genera l 
measure of difference between the experi-
mental and control units can be used to 
evaluate the effect of the exper imental 
treatmen t . Altho ugh there are usua l ly only 
a few large enclosu res in an expe r iment, 
information on the r eplicab i l ity of an 
exper iment is contained in the t ime series 
response in each enclosure. This is 
particu larly true when the experimental 
unit is subject to a control per iod , 
followed by an experimenta l per i od and then 
a return to control cond i t i ons . 
Zooplankton r esponse to mer cury i n the 
CEPEX experiment and the benthic commun-
ities ' response to No . 2 fuel oil in the 
MERL experiment were analyzed. Community 
dissimilar i ty was used as the measure of 
difference between the experimental and 
control systems . In both experiments the 
time series response, i .e . , the dis-
similarity between contr ol and exper ime ntal 
communit ies , followed a pattern s imil ar t o 
the concent r ation of poll utant i n the 
experimental system. 
Supported by: EPA Grant 80-60720; 
NSF Grant OCE77- 27446; and 
NOAA Grant 04 - 8-MOl- 149 . 
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Valentine Worthington , Dep artment Chairman 
0 C E A N C I R C U L A T I 0 N 
THE GULF STREA.H SYSTEH 
Nick P . Fofonoff 
Recent r esearch on the Gulf St ream System, 
subdivided into the Flor ida Current , the Gulf 
Stream and the Nor th Atlantic Cu r rent, is re-
viewed to identify progress as well as remain-
ing problems in our descr iption and understand-
ing of the Gulf St ream Sys t em ' s physical char-
acteristics and dynami cs . The Florida Curr en t 
appears to der ive its mean kinetic energy by 
conver sion from mean poten t ial ener gy . The 
i nterac t ion with time- dependen t fluct uations 
and eddies i n the Florida Straits is a signi f -
icant but secondary p rocess . The dynami cs of 
t he Florida Curren t and its interaction with 
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the Deep Western Boundary Current in the vicin-
i t y of Cape Hatteras is stil l poorly understood. 
Numerical and analytical models of the Gulf 
Stream have described new mechanisms for trans-
fer of energy to the deep wa t er eddy field . 
However , there are indications that a substan-
tial fraction of the kine t ic e nergy flux of 
the Gulf Stream is converted back to mean poten-
tial ene r gy in a recirculation gyre to the 
sou t h of the Gulf Stream. The transition re-
gion between the Gu lf Stream and the North 
Atlantic Current sou t heast of the Grand Banks 
i s still poorly documented and unders t ood . 
Publis hed i n : The Evolut i on of Physical 
Oceanography , Scient ific Su r veys i n 
Honor of Henry St ommel, B. A. War ren 
& C. Wunsch, eds . , MIT Press, Cambridge, 
Hass; copyright 1981, pp . 112-139. 
Supported by : ONR Contract N00014-76-C-
0197, NR083-400 . 
CIRCULATION OF BOTION I.JATERS IN THE I.JESTERN 
SOUTH ATLANTIC 
Daniel T . Georg i 
Data from 137 new hydrographic stations 
are used in conjunction \vi t h older hydro-
gr aphic data to consrruct horizontal charts 
of potential tempera ture at 4000 m and the 
dept h of the 0° C potential t emper ature 
s urface for the sou thwes t ern At l an tic . The 
data a r e also used to const ruct seven verti-
cal potential temperature sections and to 
calculate bottom water transport . From the 
horizontal charts it is inferred that the 
abyssal circulation in the Argentine Basin 
and its south\vard extension consists of 
several distinct gyres. The most intense 
abyssal circulation is found in the western 
Argentine Basin . It is suggested that these 
bottom \va t ers are renewed by north\vard f lmv 
thr ough the East Falkland Channel from the 
Georgia Basin . The Georgia Basin provides 
the most direct conduit to the wester n 
Argentine Basi n for the cold-fresh bottom 
\vater s found in the vicinity of the South 
Sand\vich Trench . The horizontal charts also 
indicate that there is a southward flmv from 
the Argentine Basin into the Georgia Basin 
of \varmer bottom \vater s through the East 
Falkland Channel. These \vaters are found 
along t he southern flank of the Falkland 
Fr actur e Zone a nd the eas t ern f l a nk of the 
Islas Orcadas Ri se . 
The vert i cal po t entia l temperatur e sec-
tions are used to illustr ate the bar oclinic 
struc ture of the western boundary curr ents 
over t he South Sandwich Tr ench and along 
the Argentine Continental Slope . The cal-
culated nor t h\vard transports for \vaters \vit h 
potential temperatures less than 0°C are 
lar gest (18 x 10 6 m3 /s) at the souther n end 
of the South Sandwich Trench just north of the 
Weddell Sea. The transports decrease 5 x 
10 6 m~s at t he northwestern end of the trench . 
The major flmv of cold bottom water into the 
Argentine Basin appears to be t hrough the 
Georgi a Bas in , \vi t h 1 to 3 x 10 6 m3/ s flowing 
through the Falkland Channels. A reference 
level is chosen in t he Argen t ine Basin t hat 
is coinciden t wit h the depth of t he 0°C 
po t ential temperature sur face \vh ich i s on t he 
average 2000 m deeper t han t hat pro posed by 
Defa nt and used by W~st. The cal culated tra ns-
ports for the deep and abyssal boundar y cur-
ren t s in the wester n Argent i ne Basin are smal l 
(2 x 106 m3 /s), less than one- tenth that cal -
culated by Wus t for the bottom \va t ers . 
Supported by : NSF Grants OCE79- 04545 and 
OCE78- 22223 . 
EQUATORIAL CURRENT MEASUR~ffiNTS : I . 
~OORED OBSERVATIONS 
James R. Luyten 
The low frequency fluctuations in the 
western Indian Ocean are domina t ed by ener-
getic variability with relatively small hori-
zontal and vertical scales . The time series 
of horizontal cu r rent and temperature exhibit 
a number of energetic events which, for the 
most par t , a r e not sufficiently resolved to 
assign a spatial scale to the underlying pro-
cess . An excep t ion to this is the 200- meter 
equatorial jet which persists over the first 
two months of the record . We show that there 
is a westward intens~fication of the eddy 
field toward the East African coast and that 
in the energetic region, the eddy kinetic en-
ergy is proportional to the local buoyancy 
frequency . At pe r i ods of t he order of 50 days 
and longer, the curren t variability is pr i n-
cipally zonal , although t here is a marked dom-
inance of meridiona l fluctua t ions a t in t e r me -
diate f r equencies . At per iods of 50 days and 
longer which migh t be assoc i ated wi t h equator -
ial planetary waves, we find some corrobo ra-
tive evidence fo r s uch a wave field in the 
correla t ions between orthogonal velocity com-
ponen t s away from the equator . The gener al 
lack o f coherence between ins t rumen t s sepa-
rated spa t ially is consisten t with t he smal l 
scale variability observed in the velocity 
profi l es . The mean flow i n the upper layers 
appears to be toward t he west while at depth 
there is evidence for a weak northward flow 
into the Somali Bas i n . 
Supported by: ONR Cont r act N00014 - 76-
C-0197 , NR083-400 . 
EQUATORIAL CURRENTS 
I N THE HESTERN INDIAN OCEAN 
James Luyten , Michele Fieux and Joseph Gonella 
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Measur ements were made i n t he equatorial 
I ndian Ocean during spr ing and summer 1979 from 
t he Somal i coast to 62°E in the interior of the 
western basin . The detailed vertical profi l es 
of horizontal current show tha t the energetic 
dominance throughout the region of variabil i ty 
was on vertical scales of several hundreds of 
meters , con f ined to within a few degrees of 
the equator , as obser ved in 1976 . The near-
sur face equa t or ial circulation responded di-
rec t ly to variations in t he wind field , and 
satellite-tr acked drifter buoys showed the 
equatorial sur face jet extend i ng acr oss the 
width of the ocean . This eastward flow is ge-
ner ated by the eastward winds that appear i n 
the interval be t ween the northeas t and south-
wes t monsoons . The zonal veloci t y f luctuations 
extended in a consistent pat t e r n over the ob-
servation regi on. The time and meridi onal 
scal es of the var iability were s i mi l ar to 
those observed in 1976, suggesting tha t the 
velocity field is dominated by l ong- term , 
equatorially trapped motions wi t h long zona l 
scales . 
Published in : Science ~09 , 600- 603, 1980 . 
Supported by : ONR Contract N00014- 76- C-
0197 , NR083- 400 ; NSF Gran t ATM78-
21491 ; and Centre Nat i onal pou r 
! ' Exploration des Oceans Cont ract 
CNEXO 79/1971. 
THE SUBPOLAR MODE HATER OF THE NORTH 
ATLANTIC OCEAN 
Michael S. McCartney and Lynne D. Talley 
A family of pycnostads is descr ibed in 
the central and eastern North At lantic 
Ocean . This Nor th Atlantic Subpolar Mode 
Ha t e r range s in po t ent i al temperatur e from 
greater than l4°C t o l ess than 4°C . The 
conver sio n fr om war mer than l 4°C to colder 
than 4°C occur s a long a cyc l oni c cir culation 
gyre in the up pe r ocean north of 50 °N. Her e 
air- sea heat and fres h wa t er exchanges pro-
gressively cool and f r eshen t he upper wat er 
column . Hinter convective overturning is t he 
agent that impar t s t he characteris t ic homo-
geneit y t o the pycnostads . The Nor t h At l an-
tic Subpolar Mod e Hater is est i ma t ed t o 
invol ve the conver s i o n of about 17 x 106m3 /sec 
of warm water to cold \va t er : abou t 8 x 
10 6m3 /sec is dir ectly convert ed t o Labrador 
Sea Hater and abou t 9 X 106m"/sec ent ers t he 
Nor wegian Sea , is f ur ther cooled , a nd retur ns 
as t he co ld No r wegian Sea out f l ows . The 
sys t em i s closed at lo\v latit udes by upwel-
ling from t hese deep and int ermediate waters 
t hroug h the main pycnoc l ine at an intensity 
of abou t 10 x 10 6 m3 /sec . The Nor th Atlantic 
Subpolar Mode Hater i s the second member of 
t he gl oba l Subpol ar Mode Hater class , the 
o t her member being the Subantar ct i c Mode 
Hater of t he souther n hemisphere . Bo t h 
members cont r ibu te l arge volumes to the 
main pycnocline wa t er masse s as well as 
being the source for t he cold low sal i nity 
intermediate water f o r t heir respective 
oceans. 
Supported by : ONR Contrac t s N00014-74-C-
0262 , NR083-004 and N000 14-79- C- 007 1 
NR083-004 ; and NSF Gr ants OCE79-
00390 and OCE78-22885 . 
GULF STREAH PATHS MEASURED HITH 
FREE-DRIFTING BUOYS 
Philip L . Richar dson 
Dur ing 1975-19 78, 35 free-drifting buoys 
measur ed surface currents in the Gulf Stream 
region. The buoy t r ajectories give numer ous 
paths of the St ream and s hO\v tha t the Str eam is 
strongl y i nfluenced by the New Engla nd sea-
mounts . This influence i s manifested as : 
(1) a quasi- permanent , 100 km, sou theastward 
deflection o f the Stream and the frequent oc-
currence of a ring- meander over t he seamounts , 
(2) large amp l itude meanders beginning at 
the seamounts and extending eas t \va rd, a nd 
(3) small, 20 km diameter edd i es which appear 
to be generated locally by i ndividual sea -
mounts . A chart of t he mean t emper ature fie l d 
at a depth of 450 m agrees with several of the 
patterns seen in the buoy traj ec tories . West 
of the seamount s the mean path of the Gulf 
Str eam is eastward ; over t he seamounts the 
path turns sharply northea s t\vard and the iso-
therms in the Stream abruptly diverge. 
Supported by : NSF Grant s OCE78-18017 and 
OCE77-08045 ; and ONR Contracts N00014-
74-C-0262, NR083-004. 
THE GULF STREAH SYSTEM: 
PRELININARY EXPLORATION 
WITH SOFAR FLOATS 
William J. Schmitz , J r., James F . Price , 
Philip L. Richardson , W. Brechner Owens , 
Douglas C. Hebb, H. Thomas Rossby 
and Robert E. Cheney 
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SOFAR f loa ts deployed for engineering tests 
during 1977- 1979 yield the first long t e rm 
quasi-Langr angian observations in the Gulf 
Stream System below the surface where many 
drifting buoys have been tracked . The char ac -
t e r of these f l oat tracks supports the premise 
that t he Gulf Stream is a more or l ess omnipres-
sent, lar ge scale , vertically coherent jet at 
depths (approximately) within and above the 
main thermocline , where mean a nd eddy kinetic 
energies are roughly the same and lateral mo-
t i ons of the Stream are clearly delineated. A 
float t r ack at t hermocline depth is visually 
coher e nt with that of a concurrently launched 
surface drifter over t he larger horizontal 
scales traversed during the first few months 
of their t r ajec tories . BelO\v thermocline 
depths , eddy kinetic energies are normally 
larger than the mean and an omnipr esent Gulf 
Stream is difficult to det~ct . However, deep 
mot ions that are visually coher e nt \vith upper 
level flows may be observed f or intermediate 
r anges of time and space . Perturbation 
kinetic energ i es based o n the f l oat data a r e 
general ly compatible with existing Eulerian 
es timates t o the extent comparable. The con-
sis tency of a quasi-Langrangian eddy energy 
es tima t e in the vicinity of the thermocl ine, 
roughly 400 cm2 s- 2 , the first such ob servation 
in our knowl edge , is i ndire ct but relatively 
conv inc ing . Zonal and meridional variances 
for the floa t data a r e al so in line with exist -
ing Eul erian resul ts. Est i mates of the fre-
quency distribution of eddy kinetic energy for 
the lo ngest float traj ectory ava ilable are 
nearly identical t o comparable Eulerian results 
a t frequencies less than about a cycle per 20 
days . 
Supported by: NSF Gr ants OCE78-18007 and 
OCE79-17901. 
TRANSINDIAN HYDROGRAPHIC SECTION AT LAT . l8°S : 
PROPERTY DISTRIBUTIONS AND CIRCULATION IN THE 
SOUTH INDIAN OCEAN 
Bruce A. Warren 
The water- property distributions and cir-
culation in the South Indian Ocean are de-
scribed and disc ussed in detail with reference 
to color profiles of tempera tur e , sal inity, 
potenti al density ( cr6) , and th e concentra tions 
of d i ssolved oxygen , silica, and phosphate 
as obser ved on a section of 59 clo s ely spaced , 
deep hydr ographic stat i ons along Lat . l8°S, 
Madagascar to Australia , dur ing July- August 
1976 . In the upper water , the or i gin and 
disposition of t he sal i nity-maximum , oxygen-
maximum, and salinity-minimum layers combine 
t o demonstrate a general northward component 
of flow in the interior of the South Indian 
Ocean , penetrating toilie depth of the inter-
mediate oxygen minimum a t a bout 1000 m. The 
northward volume transport is esrimated geo -
str ophicall y as about 20 x 106 m3 s-1 , rough-
ly consistent with an estimate of Sverdrup 
transport, based o n the J uly- mean wind-s tress 
curl for the zone 16- 20°S , of 16 x 10 6 m3 s- 1 • 
Southward flO\v along the east coast of Hada-
gascar appears large enough t o balance all 
the north\vard interior flow. The deep Indian 
Ocean is filled entirely from the Antarct ic, 
but t he Central Indian Ridge and Ninetyeast 
Ri dge divi de the flow into three separat e 
c irculat i on systems, each with its otvn 
western- boundary- c urrent field, in t he Wes t 
Aus t ral ian Bas in, Central Indian Bas in, a nd, 
at La t. l8°S, Mascarene Basin . In the bound-
ary - current systems of the Nascarene a nd Hest 
Australian Basins , a t least, the primar y 
northward flow is accompanied by weak south-
ward flow well off the bottom and well east 
of the boundary . Because the Centr a l Indian 
Basin is closed off to the south at moder-
a t ely deep levels , only the \vater a t depths of 
a bout 2000- 3500 m in t he boundary current 
there flO\vS d irectly northward from the Ant-
a r c tic ; the lower deep wa t er of that basin 
derives from t he boundary curr ent in the 
Hest Australian Basin by overflO\v across 
deep low- lattit ude saddles on the Ninety-
yeas t Ridge. The net northward volume 
transport belo\v 200 0 m in eac h \ves t ern-
boundary-curr ent system is est imated geo-
str ophically, on the basis of zer o-velocit y 
surfaces inferred from the tracer-property 
distribu.tions , as : Mascarene Basin, 5 x 10 6 m3 
s - 1 ; i~es t Austr alian Basin , 6 x 10 6 m3 s - 1 ; and 
Central Indian Basin , 8 x 10 6 m3 s - 1 (the latter 
figure including the very deep flow derived 
f r om the Ni netyeast Ridge overflow). 
Support ed by : ONR Contracts N00014- 74- C-
0262 , NR083 - 004 and N00014-79- C- 0071 , 
NR083- 004 . 
THE HATER MASSES OF THE HORLD OCEAN : 
SOME RESULTS OF A FINE-SCALE CENSUS 
L . Valentine Horthington 
A volumetric census of the world ocean 
water masses has been carried out in a man-
ner similar to that of Montgomery (1958) but 
using a much finer scale . Fifty percent of 
the oceans are contained in the 186 fine scale 
classes and 75% in 693 fine scale classes . 
The percen tage of each of these classes that 
exists in each of the major oceanic r egions is 
also listed . For example, the greatest volume 
of water in any fine- scale class is 25,793 x 
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10 3 km 3 in the potential temperature class 
1.1° - l.2°C x 34 . 68%0 - 34 . 6%o ; this class is 
found only in the North Pacific . Cosmopolitan 
classes include Antarctic Intermediate Hater 
formed north of t he Antarctic Circumpolar Cur- . 
rent but presen t in all the major oceans includ-
ing the North Atlantic and North Pacific . The 
census suffers from a general decline in the 
number of high quality, deep hydrographic sta-
tions made in the last two decades particularly 
during the International Decade of Ocean Ex-
ploration of 1970 - 1980 . 
Reference : Montgomery, R. B., 1958 . Hater 
characteristics of Atlantic Ocean and of 
world ocean . Deep - Sea Research ~. 134-148 . 
Published in : Evolution of Physical Ocean-
ography, Scientific Surveys in Honor of 
Henry Stommel, B. A. Harren & C. l~unsch, 
editors, The MIT Press , Cambridge , 
Massachusetts , pp . 42-69 , copyright 1981 . 
Supported by : ONR Contracts N00014-74-C-
0262 , NR083-004 and N00014 - 79-C- 0071 , 
NR083-004 . 
C 0 A S T A L C I R C U L A T I 0 N 
ON ESTUAR I NE AND CONTINENTAL- SHELF 
CIRCULATION I N THE MIDDLE ATLANTIC BIGHT 
Robert C. Beardsley and William C. Boicourt 
Early concepts about mixing and circula-
tion in the major estuaries which drain into 
the Middle Atlantic Bight are traced, and re-
cent experimental and theoretical studies il-
lustrating the impo r tance of wind and tidal 
mixing in controlling estuarine circulation 
are reviewed . Then early ideas about the ~~ater 
structure and shelf circulation in the Middle 
Atlantic Bight are traced up to the present, 
and, after a revi ew of the spa t ial and temporal 
structure of the atmospheric forcing fields 
over the shelf , r ecent moored array results on 
the synoptic-scale (2-10 day) , monthly mean, 
and annual mean shelf circulation are summa-
r ized . While the synoptic-scale shel f circu-
lation shows frequent spatially- coher en t re-
versals in the alongshelf flow in response to 
alongshelf wind stress fluc t uations , the along-
shelf flow exhibits few reversals on t he 
monthly time scale , and the annual mean flow 
throughout the mi d- and outer shelf in the Mid-
dl e Atlantic Bight is directed down coast 
toward the southwest . Recent dynamical argu-
ments are presented which suggest that the 
mean circulation over much of the Middle At-
lantic Bight may be viewed as a boundary-layer 
component of the large- scale general circula-
tion of the wes t e r n North Atlantic . 
Published in : Evolution of Physical Ocean-
ography, Scientific Surveys in Honor 
of Henry Stommel ; B. A. Warr en and C. 
Hunsch , editors ; The MIT Pres s , Cam-
bridge , Massachusetts ; pp . 198-233 ; 
copyright , 1981 . 
Supported by : NSF Grants OCE76- 01813 and 
OCE78- 19513 . 
THE MEAN CIRCULATION ON GEORGES BANK 
Bradford Butman , Robert C. Beardsley , Bruce A. 
Magnell, John A. Vermersch , Ronald J . Schlitz , 
Richard Limeburner and Marlene A. Noble 
The mean circulation on Georges Bank and 
the adjacent New England continental shelf was 
measured using moored current meters , aircraft-
t r acked surface drifters and satelli te- tracked 
dr ifters drogued at 10 m. The observed mean 
flow was a per manent clockwise circulation 
around Georges Bank ; the st r ongest flow oc-
curred in a na rrow jetlike current (30 cm/s) 
along the norther n flank of the bank . The 
flow of shelf water on the southern flank was 
westward (10 cm/s) towar d the Middle Atlantic 
Bight; some of this water flowed northward 
through the eastern side of Great South Chan-
nel and recirculated within the Georges Bank 
gyre . The existence of a permanent subsurface 
clockwise circulation around the crest of the 
bank may provide a mechanism for par tial re-
t ention of the pelagic eggs and lar vae of the 
important commercial fish and shellfish (cod , 
flounder , herring, sea scallops) . The circu-
lation may also par tly retain pollutants in-
troduced into the water column, especially 
within the 60-m isobath . The continuous west -
ward flow of shelf water from the southern 
flank suggests that material dischar ged into 
t he water column in this region may be trans -
ported in part to the Middle Atlantic Bight . 
Supported by : USGS Contracts 14- 08- 00001-
G-197 and 14- 08-0001- 15615; NSF Grants 
OCE76- 01813 and OCE80-14941 ; and NOAA , 
Office of Sea Gr ant, Grants 04- 7-158-
44104 and 04- 8-MOl-149 . 
CIRCULATION IN THE COASTAL OCEAN 
Gabriel T . Csanady 
The distribution of water properties in 
the coas tal ocean depends mainly on the pat-
tern of "c irculation", i.e. on long-term water 
particl e displacements . Vigorous r ecent devel-
opment of ideas on circulation in the coastal 
ocean was stimulated recently by envir onmental 
concerns and has led to greatly improved in-
sight . Especially important has been observa-
tional evidence f r om Lake Ontario , the Mid-
Atlantic Bight and the Oregon shelf . Wind 
driven transient currents a r e generated mainly 
by the longshore component of the wind s tress . 
Their structure is governed largely by the 
inertia of the water mass and geos tro phic ad-
justment, i . e . the establishment of a pressure 
field to balance the Coriolis force of long-
shore flow . In the presence of stratification 
this leads to upwelling - dowmvelling episodes 
and the development of coastal je t s . A pat-
tern of coastal currents set up by the wind 
propagates alongshore in the cyclonic direc-
tion . Thus a t fixed locations near the coast 
s pontaneous current reversals occur, associ-
ated with a massive realignment of constan t 
prope rty surfaces . Spectacular examples of 
such events have been documented in Lake On-
t ario as well as along the Oregon coast . Ove r 
broad and flat continental shelves , s uch as 
occur off the eas t coas t of North America, the 
structure of \vind driv en currents i s controlled 
more by bottom friction than by inertia . Com-
plex, coas tally trapped pr essure fields a rise , 
allowing the transition f r om downwind f l ow 
near the coas t to c r oss-wind Ekman transport 
farther offshore . The associated cir cula tion 
pattern consis t s of semi- enclosed cells, im-
portant as a mass exchange mechanism . Over 
l onger time scales , thermohaline cir culation 
a l so becomes important . It ari ses principally 
f rom nearshore f r eshening of coastal waters 
through river runoff . Va riations in runoff 
intensity along a coast again give rise to a 
complex t r apped pr essure field and an associ-
ated c irculation cell . 
In press : In Advances in Geophysics , B. 
Saltzman , editor . 
Supported by : DOE Contract DE-~C02-
79EV10005 . 
MEAN SUMMER CIRCULATION IN LAKE ONTARIO 
\HTHIN THE COASTAL ZONE 
Gabriel T. Csa nady and Jon T . Scott 
Arithmetic averages of daily temperature 
and cu rren t surveys during July-August 1972 
are used t o define a mean summer coas tal cir-
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culation pattern in Lake Ontario . Some of the 
importan t featu r es of this mean flow pat t ern 
may be explained by simple equi libr ium models 
of wind-driven flow . Discrepancies between 
these models and coastal zone observat ions ap-
pear t o be du e mainl y t o advec tion of moment um 
during transient flow episodes , especially 
those involving the intermittent appearance of 
full upwelling along the north shor e . The 
sou th shore fl mv pattern consists of divergent 
coas t al jets , much as the theoretical steady 
response of a frictionless two-layer basin to 
an eastward \vind . At the eas t ern end of the 
lake a deep current is gener a t ed by inter face 
friction below the strong coastal jets . Along 
the north shore there i s no mean coas t a l jet 
pattern , and the r e turn flow of warm wa t e r 
must be supposed to be accomplished some dis-
t a nce offshore . 
Published in : Journal of Geophysi cal 
Research 85 , 2797 - 2812 , 1980 . 
Supported by : The Great Lakes Environ-
mental Research Laboratory, Ann Arbor , 
NOAA . 
AN ANALYSIS OF SUBTIDAL CURRENT FLUCTUATIONS 
IN THE MIDDLE ATLANTIC BIGHT 
Hsien Wang Ou , Rober t C. Beardsley, Dennis 
Mayer , William C. Boicourt and Bradford Butman 
Subtidal curren t fluctuations in t he Mid -
dle Atlantic Bight a r e examined from curr en t 
meter data coll ected in 1975 and 1976 . Spec-
tral analysis pr ovides evidence for both lo-
cally wind fo r ced response and free waves tha t 
propagate "downshelf"~' which are not corre-
lated \vi t h the local \vind . A simple empirical 
model has been constructed to fit two linearly 
independent plane waves to the observed cur -
r ent f luctuat i ons . Application of the model 
to current data obtained at a pair of stat ions 
in the New York Bi ght during the per i od 
October 26 , 1975 , t o April 4, 1976 , indi-
ca t es that the two waves propaga t e in oppo-
s ite directions along the coast, and the asso-
ciated properties of the two waves sugges t 
that they correspond to the forced and free 
waves speculated upon earlier . Since the 
noise level i s a free parameter in the model, 
it can be adj usted so that the phase speed of 
the for ced wave is equal to t he translation 
speed of the observed wind . This gives a 526 
km/day phase speed for the f r ee wave , and t he 
forced wave, free wave and noise compose ap-
proximately 41%, 39% and 20% o f the total 
variance . 
·'"In this presentation , "do\mshel f " and "upshelf" 
will refe r to the directions that are in and 
opposite to the direction free shelf waves 
propagate. In the Middle Atlantic Bight , 
downshe l f is towards the southwest. 
Supported by: NSF Grants OCE76-01813 and 
OCE78- 19513. 
T H E 0 R E T I C A L M 0 D E L S 
MODEL STUDIES OF THE WIND-DRI VEN TRANSIENT 
CIRCULATION IN THE MIDDLE ATLANTIC BIGHT, 
PART 1: ADIABATIC BOUNDARY CONDITI ONS 
Robert C. Beards l ey and Dale B. Haidvogel 
A numerical model of the loJind- driven tran-
sient ocean cir cula tion in the Middle Atla ntic 
Bight is described . The model incorpora t es 
r ealistic topography a nd cover s the continen-
tal shelf between the coas t and the 200 meter 
isobath f r om Cape Hatt eras to the sou thern tip 
of Nova Sco t ia . The traditional shallow \vater 
dynamics are used , i . e . , the verticall y-inte-
grated and linearized equations for the flow 
of a homogeneous f luid driven by atmospheric 
pressure and wind s tress fluctua t ions a nd 
damped by a quadratic bottom s t ress . The 
equations are integra ted i n t ime using a 
simple modifica tion of Platzman ' s f in i t e-dif-
ference scheme, with a 12 . 7 kilometer grid 
spacing . At the coas t, normal flow i s re-
quir ed to vanis h ; at non-coastal boundaries , 
the equivalent sur face eleva tion is held fixed . 
Several classes of initial value experi-
ment s are used to study the f ree a nd forced 
mod es of this model, and the damped flow 
driven by a spatially uniform and stationary 
windstress and by an idealized traveling syn-
optic-scale winds tress pa ttern . The numeri-
cal experiments indicate that several time 
scales a r e important i n the regional adjust-
ment proc ess ; an inertial time scale dependent 
on the regional long-wave pr opagat i on speed, 
a local f rict ional time scal e dependen t on 
the strength of th e depth-averaged ve l ocity 
field , and a longer time scale which reflec t s 
the a djustment process within the en t ire 
model. The transient r esponse with in t he Mid-
dle Atlantic Bight proper from Cape Cod to 
Cape Hatteras to an alongshore winds t ress i s 
clearly dominated by f ric t ion and ro t ation . 
The effective sp in-up time scale for a 2 
dyne/cm2 winds tres s is about 10 hours at New 
York. This is s u ff i c i entl y short in compar-
ison to the 4-10 day time sca l es char acteriz-
ing atmospheric transients that the storm-
driven currents s hould be quasi- steady . 
Within the deeper Gulf of Maine bas i n, the 
effective spin-up time scale is much longer 
and the normal modes of the basin excited by 
the wind forcing are only weakly damped in 
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time. A comparison of model and observational 
dat a on current and sea level variability in-
dicates that the model response i s more rea l -
i s tic within the Middle Atlantic Bight section 
of the model domain . Differences within the 
Gulf o f Maine are due primarily to the spe-
cific boundary condition imposed on the up-
coast (Scotian shelf) boundary . 
In press : J. Physical Oceanography . 
Supported by : NSF Gr ants DES73-00 528 and 
OC E74- 03001 (MIT) and OCE76-01813 and 
OCE78-19513 (WHO!) . 
A NOTE ON THE VACILLATI ON OF AN UNSTABLE 
BAROCLINIC lvAVE FIELD I N AN EDDY-RESOLVING 
MODEL OF THE OCEANIC GENERAL CIRCULATION 
William R. Holland and Dale B. Haidvogel 
The vacillation of baroc linically unstable 
waves in a two- layer eddy- resolv ing oceanic 
circulation model is described . The vacilla-
tion cycle is dis t i nguished kinema tically by 
the mutual coexistence at equilibrium of s hor t 
(60-day) period mesoscale eddies and a wel l -
de fin ed l ong (480-day) period modulat i on t o 
the larger- scale f l ow , as well as t he long-
t erm mean ocean c i rculat i on . Globa l energy 
budgets a nd related linear s tabili t y analyses 
r eveal underlying systematic energy transfers 
between the slowly varying mean and transient 
fields of motion . The vacillation phenomenon 
is s hown t o occur over a rather narrow r ange 
of the non-dimensional model parameter s . Sinr.e 
the vacillation occur s in the presence of S, 
a highly structured mean flow field and merid-
ional boundaries , this is perhaps the mo s t 
complicated geophysical flow situation in 
wh ich a vac illation cycle has been clearly ob-
served . 
Supported by : NSF Grant OCE78-25700 and 
NSF to t he Na t ional Cen ter for Atmo-
s peri c Resear ch . 
A PARAMETER STUDY OF THE MI XED INSTAB I LITY OF 
I DEALIZED OCEAN CURRENTS 
William R. Holland and Da le B. Ha idvogel 
We investigate the nature of linear insta-
bilities that can arise on eastward-flowing 
baroclinic currents s imilar to those found to 
serve as sites of str ong eddy-mean flow inter-
action in cer tain mesoscale-resolution ocean 
c ircula tion s tudies . The intent is to deduce 
the depend ence of the linear ins t ability me-
chanism-- though t t o be operative in some form 
in these s imula t ions--on the internal param-
eters character izing t hem . Following conven-
t i onal prac t i ce , we adopt as our physical 
model the two-level quasi-geostrophic potential 
vorticity equations which , in their linearized 
form, are solved numerically to yield the 
properties of the most unstable linear waves 
under a variety of mean flow and environmental 
conditions . The kinematic and dynamic fea-
tures of the growing perturbations--preferred 
wavelength, growth rate and frequen cy , eddy-
mean field energy transfers and vertical dis-
tribution of wave amplitude-- are shown to be 
sensitive functions of four nondimensional pa-
rameters : (i) a= (U 3 /U 1 ) , the ratio of lower 
to upper level veloc i.ty scale amplitude; ( ii) 
X= (Rd/1) , the ratio of the first baroclinic 
deformation radius to the meridional width of 
the jet; (iii) o = (H 1 /H) , the resting layer 
depth ratio; and (iv) E = (SL 2 /U), an (inverse) 
Rossby number based on the northward gradient 
of the planetar y vorticity (B) . Viscous ef-
fects, although included in the analysis, are 
shown to be unimp~rtant for values of fric -
tional coefficients t~pical of recent eddy -
resolving ocean model studies. Despite a 
strong dependence of the details of the linear 
instability mechanism on environmental factom , 
the associated unstable eigenmodes do have im-
portant structual similarities which are inti-
mately connected with their ability to extract 
energy from the mean flm• . 
Published in : Dynamics of Atmospheres and 
Oceans 4 : 185-215, 1980 . 
Supported by : NSF Grants ID076-00869 and 
OCE78- 25700, and NSF to the National 
Center for Atmospheric Resear ch . 
THE DESTABILIZATION OF SHEAR FLOH 
BY TOPOGRAPHY 
Joseph Pedlosky 
A uniform barotropic shear flow is shown 
to be destabilized by the presence of bottom 
topography of variable slope if the slope 
vanishes at some point . The marginally stable 
wave is one of the class of bottom trapped 
topographic waves discussed by Rhines . A 
perturbation method demonstrates the exist-
ence of neighboring unstable 1vaves whose 
growth rates depend on the horizontal shear 
of the current . It is s uggest ed that this 
mechanism may produce bottom trapped oceanic 
waves . 
Published in : Journal of Physical Ocean-
ography, lQ (11), 1877- 1880, 1980 . 
Supported by : NSF Gr ant ATM79-21431 . 
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THE EFFECT OF B ON THE CHAOTIC BEHAVIOR 
OF UNSTABLE BAROCLINIC WAVES 
Joseph Pedlosky 
The role of B in the finite amplitude dy-
namics of unstable baroclinic waves is stud -
ied with par t icular attention directed t o its 
effect on the phenomenon of chaotic amplitude 
behavior . Hhen the B-effect i s r elat ively 
small compared to the potential vorticity 
gradient of the basic shear fl01v , analyt i cal 
methods are easily able to yield the structure 
of the evolution dynamics of a slightly un-
stable baroc l inic wave . The theory shows that 
even small planetary vorti city gradients lead 
to dramatic smoothing of the amplitude dynam-
ics . As B increases (relatively) chaot ic 
behavior gives way , through a sequence of pe-
riod halvings, to regular steady waves . 
In press : Journal of the Atmospheric 
Sciences . 
Supported by: NSF Gr ant ATN79-2143l. 
THE NON-LINEAR DYNAMICS 
OF BAROCLINIC WAVE ENSENBLES 
Joseph Pedlosky 
A theory i s devel oped to describe the 
weakly non-linear dynamics which applies in 
the simultaneous presence of seve r a l, long 
baroclinic waves . The geometry i s flat (i.e . , 
B = 0) and dissipation is modeled by Ekman 
friction in the context of the quasi-gee-
strophic two layer mod el . Three main problems 
are discussed . (1) For free , unstable waves 
it is shown that the wave which i s realized in 
finite amplitude is not the linearly most un-
stable wave. Rather a longe r wave , capable of 
achieving the single largest steady amplit ude, 
is favored in the competition for the poten-
tial energy of the basic state . This result 
is sh01vn necessary if the end state is steady 
and numerous numerical calculations indicate 
the preeminence of the same wave if the final 
state is vacillatory . The no tion of conjugate 
waves , capable of identical final amplitude , is 
also discussed . (2) If the f ree lvaves are 
subject to time varying supercriticality so 
that intervals of stability ensue , the re-
sponse is asymmetric ove r the period of the 
forcing . Sufficiently rapid "seaso nal" forc -
ing leads to long term aperiodic response. 
(3) If each wave in the spectrum is directly 
forced , a wave ~ysteresis phenomenon occurs. 
Sudden jumps in t he wave amplitude a t criti -
cal values of the forcing ar e intrinsic to the 
wave respons e . Again, sufficiently rapid wave 
forcing produces an aperiodic response. The 
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forced wave problem exhi bit s multiple equilib-
ria. Each solution branch corr esponds t o a 
differ ent dominan t wave . The determination 
of the realized br anch depends on the r elat ive 
stabi l ity criteria developed for the f r ee 
waves. 
In press: Journal of Fluid Mechanics. 
Supported by : NSF Gr ant ATM79- 21431 . 
CHAOTIC AND PERIOD I C BEHAVIOR OF FINITE-
AMPLITUDE BAROCLINIC HAVES 
Joseph Pedlosky and Christopher Frenzen 
Numerical integr ations of t he amplitude 
equatio ns governing the dynamics of a weakl y 
unstable finite-ampli t ude baroclinic wave have 
revealed a neH and unexpected l y complex depend-
ence on the degree of dissipation. He have 
found for very small dissipat ion t he simple 
limit cycle behavi or noted earlier by Pedlosky 
and Smith & Reilly. For s lightly higher values 
of the dissipation further solution bifurca-
tions reveal an ever-increas ing family of peri-
odic solutions whose periods are even multiples 
of the fundamental. The critical value of the 
dissipation parameter y for wh i ch the ~th cycle 
emerges, appears to satis f y the Feigenbaum re-
lation (Yn - Yn- 1)/(Yn+l - Yn) = 4 . 669201 . Above 
a limit point Y
00 
the soluti ons are a periodi c 
and chaotic . Hmvever , at isolated "is l ands " 
within this chaotic regime He have again found 
periodic solut ions . Although their phase plane 
trajector ies dif fer from those found beloH Yoo, 
their periods are ahvays multiples of half the 
fu ndamental . For higher y, equilibration to 
steady Haves occurs . The present model is not 
s pectrally truncated . He conc lude that aperi-
odic, chaotic behavior i s a true qua lity of 
the dynamics of barocl i nic '"ave-mean flmv inter-
action for a narrow bu t finite range of dissi-
pat i on. Aper i odicity is favo r ed Hhen the dis-
sipation time scale is moderately longer than 
t he ~-folding t ime scale for linear instabili t y . 
Published i n : Journal of t he Atmospheric 
Sciences ll· 1177- 1196 , 1980 . 
Supported by : NSF Grant ATM79-2143l . 
DYNAMICAL FORECAST EXPERIMENTS 
\-liTH A BAROTROPIC OPEN OCEAN MODEL 
Al lan R. Robinson and Dale B. Haidvogel 
The initial/boundary value probl em for the 
barotropic version of a quasi-geostrophic open 
ocean model Hhich requir es norma l floH every-
wher e on the boundary and vorticity on the in-
flow i s s tudied. Parameter dependencies and 
sensitivi t ies are determined for dynamical 
forecas t experimen t s car r i ed out over a 500 -
squa re kilometer domain Hith data s imula ted to 
re presen t the mid-ocean eddy f ield a t 1500 m. 
The computati onal r ms forecast error due to 
open boundar y conditions i s kept t o 5% a fter 
one year of integration. Errors, gaps and 
noise are then introduced into the boundar y 
and ini tial condition data . Objec t ive analy-
sis is introduced for mapping coar sely-d i s tr ib-
ut ed data onto the computat ional grid , and 
vorticity is derived f r om t he s treamfunction 
by several methods . For ecast error is sensi-
tive to t he frequency of upda t ing of boundary 
data, but gene r a lly insensitive to vorticity 
error s . A simu l a t ed forecast experiment Hith 
composi t e error sour ces r epr esen t ative of 
feas i bl e oceani c conditions is carried ou t 
for four months duration wit h rms error main-
tained to about 10% . 
Published in: Journal of Physical Ocean-
ography 10(12) , 1980. 
Supported by : NSF Gran ts OCE78- 25700 
(WHO!) and OCE77-28389; ONR Contract 
N00014 - 76- C-0225 ; and NASA Grant 
NSG-5228 (Harvard). 
CIRCULATION OF THE CARIBBEAN SEA : 
A HELL-RESOLVED INVERSE PROBLEM 
Dean Roemmich 
The Carribean Sea is selected a s a region 
Hher e the l a r ge scale circul a t ion i s \vell de -
t ermined by historical hydrographic measure-
ments through appli cat i on of the inverse 
method. A simple example is used to illus-
trate the technique and to demonstrate hmv some 
physically relevant quantities may be well 
deter mined in the formally und etermined in-
ver se problem. The geostro phic floH f i eld 
in the Caribbean i s f ound by impos i ng mass 
and salt conservation constr a ints in seven 
l ayers separated by s ur faces of constant po -
t en tial densi t y. An unsmoo thed solution is 
displayed which has weak d ependence on an 
initial choice of refer ence level. In ad-
dition, a unique smoothed solution i s shoHn. 
Above o6 = 27.4 the t o ta l flow leaving the wes tern Caribbean i s est imated to be 29 x 
10 6 m3 sec- 1 , in agreement Hith direct measure-
ments. This f low is made up of 22 x 10 6 m3 
sec- 1 entering the Caribbean from the east 
and flowing across the southern half of the 
basin as t he Car ibbean Current, and 7 x 10 6 
m 3 s ec- 1 entering fr om t he north through hlind -
\vard Passage. Both of these currents show 
small scale variability that diminishes with 
d i stance from the respective passage s. The 
deep f l ow has no net transport, as required 
by the shallow exit , but a well organized 
clockwise recirculation i s found in the 
deep eastern Caribbean . 
Supported by : NSf Grants OCE76-80210 
and OCE78- 19833 (MIT) . 
BAROTROPIC RESPONSE TO COOLING 
Henry Stommel and George Veronis 
Imposed horizontal density differences in 
PO-ll 
a nonrotating fluid generate vertical circula-
tion which has vanishing vertically integr ated 
transports . When the system is rotating, gee-
strophic velocities can balance the density 
differences and the vertically integrated trans-
ports need not vanish locally . In a two- layer 
fluid, finite amplitude disturbances lead t o 
barotropic flows that have the same direction 
as the velocity in the layer that thickens as 
a result of the disturbance . Specific calcula-
tions a r e carried out for the geostrophic ad-
justment model in situations that approximate 
those in which 18° water is formed south of 
the Gulf Stream . The upper layer transport 
that results from sudden cooling (as simulated 
by density differences that are initially un-
balanced geostrophically) is in the same di-
rection as the Gulf Stream transport and com-
parable to it in magni tude . A lower l evel 
t r ansport of the same magnitude flows in the 
opposite direction with a maximum value about 
an internal radius of deformation to the 
right of that of the upper layer . The baro-
tropic transport is about 1/5 as large and 
flows downstream in the Gulf Stream and up-
stream to the right of the Gulf Stream . 
Published in : Journal of Geophysical Re-
search~. 6661- 6666 , 1980 . 
Supported by : ONR to the Geophysical 
Fluid Dynamics Program at HHOI and 
NSF Grants OCE77- 19451 and OCE78-
18460 . 
A STUDY OF RESULTS OF I NVERSE HETHOD 
APPLIED TO OCEAN CIRCULATION 
Henry M. Stommel and George Veronis 
The determination of absolute oczan cur-
rents by the inverse method is formulated as 
a problem in the calculus of variations for a 
closed region of ocean bounded by a coast and 
a t r ansect along which layers have prescribed 
thicknesses , hi . The integral of the mean 
squar e of the barotropic velocity, b , is mini-
mized subject to constraints imposed on the 
transports of the layers . The solution yields 
b as a linear combination of the hi with the 
coefficients determined by the transport con-
straints . Satisfying the condition that total 
mass be conserved yields an essentially uni-
form distribution of b along the transect . Ad -
ding constraints on the individual layers leads 
to a r elatively poorly conditioned problem wi th 
an induced barotropic field that has much 
larger amplitude . The transport imbalances 
are adjusted for by small differences of much 
larger transports. The simple form of the 
variational solution shows that b has its 
largest amplitude in regions of extreme values 
of the thickness , thus helping to explain re-
sults obtained with real data . A simple in-
terpr e t ation is also provided for the reso-
lution matrix used in discrete formulations 
and the part of the solution that is indepen-
dent of the assumed level of no motion is shown 
to be simply related to the representation by 
the hi . The study points to the need for for-
mulating the inverse problem so that a more 
suitable set of functions is available to ob-
tain a physically more acceptable solution . 
Supported by : NSF Gr ant OCE78 - 18460 . 
SEA ICE , IHNTERTIME CONVECTION 
AND THE TENPERATURE MINIMUM LAYER IN THE 
SOUTHERN OCEAN 
John M. Toole 
The structure of the near surface waters 
in the Southern Ocean , poleward of the Antarc -
tic Polar Front but away from continental mar-
gins, is investigated with a three dimensional 
time dependent numerical model which resolves 
the annual sea ice cycle . The grcwth and 
decay of the ice field is predicted, using one 
of Semtner's thermodynamic ice models, in 
termq of specified atmospher ic data and com-
puted thermohal ine characteristics of the 
ocean layers . The ice field is found to be 
sensitive to the lateral advection of heat by 
the oceanic circulation as well as vertical 
heat transports due to deep winter convection . 
The model treats the temperature minimum layer 
in the Southern Ocean as the remnant of a deep 
winter mixed layer which becomes capped by 
surface heating and precipitation in summer . 
The predicted thermohaline characteristics of 
the temperature minimum layer and the surface 
mixed layer are in good agreement with obser-
vations . Finally , the annual air-sea heat ex-
change predicted by the model is discussed . 
The model's predicted area averaged heat loss 
experienced by the ocean south of the Atlantic 
Polar Front of 7 . 5 x 1013 \.J is much smaller than 
previously estimated due likely to errors in 
the southern region of the model domain . It 
is suggested that models , which include the 
interactions between sea ice and sur face, deep 
and bottom waters along the cont inent al mar-
gins, are needed t o investigate this region. 
Supported by: NSF Grant OCE77-28355 . 
NOTE ON THE SHALLOW OXYGEN MINIMUM OF THE 
SOUTH INDIAN OCEAN 
Bruce A. Warren 
In the South Indian Ocean a l ayer of low 
oxygen and h i gh nut rient co ntribu tions , cen-
ter ed a t about the 200-m level, attenua t es 
southward from the equa t or to about Lat . 25°S . 
The prevail i ng meridional component of flow 
appears t o be northward , however, and it is 
suggested that the oxygen minimum develops 
on account of rapid vertical decay in the 
oxygen- consumption rate in a water column 
moving northward from mid-latitudes , where 
high concentrations are forced at depth by 
convective overturning f r om the sea sur face. 
A simple model of t he process, based on 
plausible values of the consumption rat e 
and northward flow speed , repr oduces fairly 
well t he dep th and s trength of the minimum 
for a v~rtical mixing coeff icient of 0.1 
cm2 s- 1 The model does not, however , give 
a very c l ose descr iption of the oxygen dis -
tribution below the minimum; some suggesti ons 
are made as to why, but t oo little is known 
about the spatial variation of the cont roll ing 
parameters to proceed very far. 
Supported by : ONR Contract N00014-79- C-
0071 , NR083- 004. 
BAROCLINIC I NSTABILITY IN DRAKE PASSAGE 
Daniel G. Wright 
A linearized bar oclinic instability model 
is applied to the Drake Passage area . The 
predicti ons of the model are found to be in 
good agreement with ob ser vations . Temporal 
and spat i al scales are accurately predicted 
and the vertical s t ruc ture of the most un-
s t abl e wave is co nsistent with observations. 
Results indicate that the observed release 
of potential energy from the mean s t a t e in 
this area is made possible by the pre sence 
of a negative gradient of mean po tential 
vorticity a t and near the l ower boundar y. 
Further, it is found that the model r esult s 
are s table with respect t o var i ations of 
the mean velocity f ield which might be in-
curred by error s in the da t a; explanati ons 
for this insensitivity are g iven. 
In press: J . Phys i cal Oceanography . 
Supported by : vlliOI Postdoctoral 
Scholarshi p and NSF Grant OCE77-
22887. 
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ROSSBY WAVE ACTION, ENSTROPHY AND ENERGY 
I N FORCED MEAN FLOWS 
William R. Young and Peter B. Rhines 
Assuming there is a separ ation i n scale 
between the mean f l ow and fluctuations , the 
linearized potential vor t icity equation is 
solved using the \VKB (Wentzel-Kr amers- Brillouin) 
method . Attention i s focused on wave pr oper -
ties such as action and enstrophy which in 
some circumstances a r e conserved . In the mos t 
general case of Rossby waves s upported by an 
arbitr a r y mean po tential vor ticity field, q = 
f/h , and propagating through a for ced mean flow 
neither action nor enstroph y is conser ved . It 
i s shown that ac tion is produced by the forcing 
which drives mean flow across q contours , while 
enst rophy is produced both by complicated q 
contour s and by horizontal divergence of the 
mean flow. 
Published in: Geophysical and Astr ophys-
ical Fluid Dynamics 15, 39- 52 , 1980 . 
Supported by : NSF Gr ant OCE78-25692. 
L A B 0 R A T 0 R Y M 0 D E L S 
QUASI-GEOSTROPHIC TURBULENCE I N 
A ROTATING HOMOGENEOUS FLUID 
Alain Colin de Verdiere 
Quasi-two-dimensional t u rbulence is gener-
ated in a rotat ing cylinder by an homogene ous 
distribution of bottom sources and s inks which 
osci l l a te in time. Typi cal Reynolds numbers 
reach 2000 and inertial time- scales are about 
a n or der of magnitude smaller than the Ekman 
spin-up time. This allows the genuine inertial 
effects of the flmv field s uch as the gross 
spectral evolution of the energy containing 
eddies to be emphasized. The cas e of no t opog-
r aphy i s fir s t discussed . When the flu id is 
steadily forced, it is observed that the ener-
gy cont a ining scale is significantly lar ger 
than the fo r cing scale. Theoretical arguments 
for tha t behavior are pr esented . In the de -
caying s t age the red cascade is observed and 
rates of interactio n are measured. The forcing 
is next applied over various large scale topog-
raphies model ling the geophysical beta e ffect. 
The polar beta plane geometry preserves the 
above spectr al characteristics but at the same 
time introduces a ni sbtrophy into the flow pat-
t ern . A broad westward mean f l ow develops in 
the Nor th and is surrounded by a belt of 
cycl ones l ying on its southward side. The 
linear r esponse of a zonal channel o n a beta 
plane to a uniform periodic forcing has been 
used to explain theoretically these mean 
momentum distributions which are calculated to 
second order in the tvave amplitudes . Both 
inertial and viscous regimes have been docu-
mented and the former compares favorably tvith 
the experiments . The role of the zonal bound-
aries is evaluated and found to be essential 
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to the generation of mean flow in a uniforml y 
forced fluid . Connections between these ana-
lytical calculations and recently proposed vor-
ticity mixing theories are also discussed . In 
contrast the "sliced cylinder" geometry, which 
has no closed geostrophic contours , drasticall y 
modifies the above picture . Both the mean 
flow production and the large scale tendency 
for eddies are inhibited . The geographical 
distribution of eddy intensities and scales is 
now widely inhomogeneous . 
Published in : Geophysical and Astrophys-
ical Fluid Dynamics l2: 213-251 , 1980 . 
Supported by : NSF Grant OCE75-21674 . 
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T R A N S P 0 R T S 
FLUX OF HEAT AND OTHER QUANTITIES ACROSS 
25°N IN THE ATLANTIC AS COMPUTED FROH 
EXISTING OCEANOGRAPHIC DATA 
Mindy M. Hall and Harry L. Bryden 
Using oceanographic measurements of cur-
rents and temperature in a direct calculation , 
we have estimated ocean heat transport at 25°N 
in the Atlantic Ocean to be 1. 2 x 10 15 \-1 . This 
direct method and tt.JO indirect methods of cal-
culat i ng oceanic heat fluxes are described and 
compared . The direct method appears to be the 
most accurate, with an error of at most . 3 x 
10 15 H. Of the indirect methods, computations 
of heat flux based on knetvledge of air- sea 
inter action provide good global coverage with 
existing data. Computations using satellite 
data are subject to large errors, but improved 
technology could make satellites an excellent 
means of monitoring global radiation . In ad-
dition to calculating heat flux , we computed 
the mean meridional mass transport and fresh-
water flux at 25°N. He discuss these calcu-
lations and conclude that the former i s a re-
liable result but the latter is poorly deter-
mined at this latitude . \ve emphasize that 
ocean heat transport can be determined simply 
and accurately with existi ng data and tech-
nology. 
Supported by : WHOI Summer Student Fellow-
ship from C.S . Payson and NSF Grants 
OCE77-19403 and OCE77-22887 . 
ESTIMATION OF MERIDIONAL HEAT FLUX IN THE 
NORTH ATLANTIC BY INVERSE METHODS 
Dean H. Roemmich 
Hyd r ographic sections spanning the Atlan-
tic Ocean at 24 , 36 and 48°N are used to make 
an estimate of meridional heat flux in the 
ocean . The inverse method provides reference 
level velocities for geostrophic calculations , 
consisten t with assumptions of conservation 
of mass and salt in a multilayered ocean . The 
heat-flux calculation is made on the total 
geostrophic velocity together with observed 
temper ature . It is found that the dominant 
mechanism for heat transpor t in the North At-
lantic is a meridional cell of northward flow-
ing surface lvater balanced by deep southward 
flow. The strength of the meridional cell is 
determined best by the data at 24°N . This is 
attributed to higher information content and 
lower noise , from topographic roughness, in 
the southern t ransect . An ageostrophic cor-
rection t o the heat flux is estimated, and the 
resulting total northward heat flux is 120x 
1013 W at 24°W and about 80 x 1013 W at 36°N . 
The heat flux was poorly determined at 48°N. 
It is concluded that the technique could be 
used to combine hydrographic data with other 
relevant measurements , such as air-sea heat 
exchange , to construct a heat budget for the 
world oceans . 
Published in : Journal of Physical Ocean-
ography 10(12), 1980 . 
Suppor ted by: NSF Grants OCE76-80210 and 
OCE78-19833 (MIT) . 
R I N G S, E D D I E S 
A NOTE ON THE CONTINUANCE 
OF THE SOMALI EDDY AFTER THE CESSATION 
OF THE SOUTHWEST MONSOON 
John G. Bruce , Michelle Fieux and 
Joseph Gonella 
Near synoptic observations off the Somali 
coast using expendable bathythermographs indi-
cate that the large eddy located in the north-
ern Somali Basin which developed during the 
southwest monsoon could still be identified 
during the following northeast monsoon . The 
offshore (towards the east) geostrophic vol-
ume transport is decreasing from 26 x 10 6 m3/s 
in October to 7 x 10 3 m3 Is in December . 
Publ i shed in : Oceanologica Acta 4 : 7- 9 , 
1981. -
Supported by : ONR Contr act N00014- 79- C-
0071, NR083- 004 and Contrat de Re-
cherche CNEXO-HUSEill-1 78/1804 . 
THE SOUTHERN OCEAN 
Harry L. Bryden 
Eddies have been observed in all regions 
of the Sou t her n Ocean where measurements of 
appropr iate time and space scales have been 
made. Their reported horizontal scales 
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vary from 30 to 100 km, eddy sur face velocities 
are typically 30 em s- 1 or greater, they are 
vertically coherent throughout the water column, 
a nd t hey effect a poleward hea t flux across the 
polar front. The poleward eddy heat flux , 
which is d i rected down the mean horizontal 
tempera t ure gradient, indica t es that eddies are 
generated in a baroclinic ins t ability process 
in which available potential energy contained 
in the large-scale density distribution is con-
verted into eddy kinetic plus potential energy. 
In the upper 750 m of the water column, eddies 
appear to decay by transferring par t of their 
energy into smaller scale intrusions . Eddy 
fluxes of heat, salt and silica across the po-
lar front are estimated to make significant 
contributions to the heat , salt and silica bud-
gets of Antarctic waters and hence i t is likely 
t ha t eddy processes provide a l l merid i onal pro -
perty t r ansports across the pol ar f ront above 
20 00 m dep t h with no net mass t r ansport . This 
suggests that the traditional model of verti-
cal-mer i dional c i rcul ation in the Southern 
Ocean should be reinterpreted with mer idional 
arr ows now representing eddy proper ty flux and 
not actual mass transport. In terms of model-
ing the Antarctic Circumpolar Current , eddies 
appear t o effect the energy dissipat i on re-
qui red to balance energy input by wind and they 
may help to balance the wind input of eastward 
momentum by transferring energy downward 
to maintain a deep circulation which balances 
the wind stress through the mechanism of topo-
graphic pressure drag . Thus, much pr ogress has 
been made recently in describing eddies, iden-
tifying the sources and sinks of eddy energy , 
and understanding the effects of eddies on the 
circulati on in the Southern Ocean. 
Supported by : NSF Grants OCE77- 22887 
and OCE77-19403 . 
ANATOMY OF A CYCLONIC RI NG 
IN THE DRAKE PASSAGE 
Terrence M. Joyce, Steven L . Patterson 
and Robert C. Millard, Jr. 
During a five- week period in February- April 
1976, the Antarctic Polar Fr ont · i n the Dr ake 
Passage was observed to develop an equator-
ward meander that pinched off into a cold core, 
cyclonic ring of 100 km diameter which then 
drifted a t 5-10 em s- 1 in the direction of 
t he northeastward flowing Antar ctic Ci rcum-
polar Current. Two ships , Thompson and 
Yelcho , ·surveyed the horizontal and vertical 
hydrographic structure of the ring. A CTD-02 
sec t ion through the center of the ring is used 
to estimate it s heat and salt content, avail-
able potential and kinetic energies , and the 
distribution of potential vorticity . With 
surface current speeds approaching one knot, 
the ring represents one of the mos t intense 
eddy-like features studied in the Antarctic 
Circumpolar Current system. 
Suppor t ed by : NSF Grants OCE75-14056, 
OCE76-82036 and OCE77-28355, and the 
Chilean Navy. 
MOORED VELOCITY MEASUREMENTS DURING THE 
POLYMODE LOCAL DYNAMICS EXPERIMENT 
W. Brechner 0\vens , James R. Luyten 
and Harry L. Bryden 
Mean velocities, eddy kinetic energies 
and time sequences of horizontal array repre-
sentations and vel ocity vectors at several 
depths of the velocity field are presented 
for the moored curr ent measurements during 
the POLYMODE Local Dynamics Experiment , 
centered at 3l 0 N, 69°30 ' W. The mean veloc-
ities in the upper one ki lometer are towards 
the southwest at 2 . 4 to 4 . 4 cm/s, consis t ent 
with Worthington ' s descr iption of the mean 
circulation of the North Atlantic . The abys-
sal flow is towards the east , directed towards 
shallower depths, at 2 cm/s . This deep flow 
agrees with neither Worthington ' s description 
nor other direct current measurements along 
70°W . The record- aver aged eddy kinetic ener -
gies are three times as large as those 300 km 
to the south during the MODE experiment . For 
periods between 890 and 2 days the vertical 
structure of t he kineti c energy spectrum is 
independent of frequency in contrast to the 
MODE results . These results are consis tent 
with t hose obtained at o t her longitudes when 
position in t he mean circulation (relative 
to the Gulf St ream) i s t aken i nto acco unt , 
indicating that t his rapid increase i n kine-
tic energy and change of spec t r al vertical 
structure in the region of return flow com-
pared to the "mid - ocean" may be ubiquitous . 
Averages over the two-month intensive 
experiment indicate that it was a period of 
increased kinetic energy and barotropic 
structur e . This was one of two times during 
the 15- month recor d in which a strong bare-
clinic jet passes through the array . The 
abyssal flow during this period was dominated 
by a bottom-trapped f l ow consistent with the 
topographic Rossby wave description obtained 
from the 1300 m SOFAR floats. In addition , 
two of the three energetic, small- scale eddies 
identified in other data sets can be seen in 
the moored velocity time series. Their ocur-
rence appears to be linked with the presence 
of the mesoscale jet . Those periods in whi ch 
there were no baroclinic jets contained meso -
scale eddies with spat i al scales similar to 
the MODE eddy . Thus , the rapid increase of 
eddy kinetic energy in the recirculation is , 
in part, associated with eddy structure of 
a different character . 
Supported by : NSF Gr ant OCE77 - 19403 . 
OBSERVATIONS OF A PLANETARY WAVE 
DURING THE LOCAL DYNAMICS EXPERIMENT 
James F . Price and H. Thomas Rossby 
SOFAR float data from 1300 m depth are 
used to describe a major feature of the large 
scale , subthermocline velocity field obser ved 
during the POLYMODE Local Dynamics Experiment 
(LDE) . The two - month long intensive phase of 
the LDE was dominated by a highly polarized 
oscillatory flow which had many of the charac-
teristics of a barotropic planetary wave . 
The relative vorticity of the motion oscil-
lated between ±4% of f , the local Coriolis pa-
rameter. Conservation of potential vorticity 
was achieved by the beta effect and topographic 
stretching acting in phase to balance the 
changes in relative vorticity. Westward phase 
propagation is clearly apparent in the veloc-
ity field . A space and time-lagged covariance 
analysis indicates that phase propagated to-
wards 300°T , the estimated wave vector direc-
tion, . at . 06 ms s- 1 • The wavelength and in-
trinsic period were est imated to be 340 km and 
61 days . These scales approximately satisfy 
the dispersion relation of the cOTresponding 
plane wave . The group velocity inferred from 
the dispersion relation is eastward, away from 
the Gulf Str eam and toward the gyre interior . 
We caut i on that a single plane wave falls short 
of being a complete , consistent description o f 
the velocity field observed during the LDE . 
The wave persisted for only two cycles, and 
was not well organized in space . 
Supported by: NSF Grant OCE78-18662 . 
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EDDIES AND THEIR TRANSPORTS IN GYRES 
Peter B. Rhines 
This is a description of the role of meso-
scale eddies in causing systematic transport 
of heat, mass and potential vorticity . Heat 
and mass fluxes are of interest to climatology 
and chemical tracer studies, respectively, 
while the spatial potential vorticity flux 
sums up the induction of mean circulation by 
eddies. Relations between ' spectral flux ' of 
potential vorticity (i . e ., the enstrophy cas-
cade) and spatial flux are given . Numerical 
experiments illustrate each of these effects. 
In press : Ocean Turbulence, J . D. Woods , 
editor, Springer-Verlag. 
Supported by : NSF Grant OCE78- 25692 and 
the John Simon Guggenheim Foundation . 
OBSERVATIONS OF EDDIES I N THE 
NEWFOUNDLAND BASIN 
William J . Schmitz , Jr. 
Evidence is presented to clearly demon-
strate the existence of energetic baroclinic 
fluctuations (eddies) on the off - shore or mid-
Atlantic ridge side of the Nor th Atlantic Cur-
rent in the southern segment of the Newfound-
land Basin. Vertical displacements of the 10° 
isotherm based on newly acquired XBT (expenda-
ble bathythermograph) data are observed to have 
amplit udes between 100-145 m and horizontal 
distances between minima (maxima) of 185- 260 
km . These results, in conjunction with pre-
vious investigations, imply an intermittent 
field of variability with a range of amplitudes 
and hor izontal scales containing those most 
recently observed . 
Supported by NSF Grant OCE78-18007 . 
NUMERICAL EDDY-RESOLVING GENERAL CIRCULATION 
EXPERIMENTS : PRELIMINARY 
COMPARISON WITH OBSERVATION 
William J . Schmitz , Jr . and William R. Holland 
Results f rom several numerical experiments 
based on one class of eddy- reso l ving gyre- scale 
models have been compared kinematically with 
observations . These experiments are forced by 
a steady trigonometr ic wind stress in basins 
with idealized coas tlines and bottom topogra-
phy. The two- layer numerical simulations exam-
ined involved recent runs in larger basins 
made as part of t he present intercomparison as 
well as existing simulations , for a total of 
approx i mately 20 cases . The basic model re-
' 
sults considered were time means, and time 
averages of second order properties of the 
eddy fiel d (essentially eddy kinetic ener gies) 
along with their frequency distribut ions . 
Results for the mode l lower layer were com-
pared with observations of abyssal eddy kinetic 
energy from the western Nor th Atlantic. Al-
though the i ntercomparison was concentrated 
o n the aby ssal depth r ange due t o the nature 
of the data base available, some consideration 
was g iven t o the relation between model upper 
l ayer and observed ther mocline dep th kinetic 
energies. 
The simulation with the most realistic am-
plitude fo r the abyssal eddy field was 
selec t ed for detailed examina t ion . This numer-
ical experiment i s comparabl e in basin size 
to the mid-latitude North Atlantic and a vari-
ety of observed charac t eristics of the eddy 
field are reproduced, so long as intercom-
parisons are made at positions in similar 
locations in t he model and observ ed mean gyres 
(and assoc ia ted eddy f i eld). One derivative 
of this lar ge basin run, containing idealized 
but variable bottom topography, was also exam-
ined in some detail . Relative to the flat -
bottom case , smaller abyssal kinetic ener gy 
levels are found i n the interior of the model 
ocean as observed, and approximately relevant 
spectr al intercomparisons in MODE-like regions 
are possible. The appar ently most pertinent 
two- layer simulation available is l east real-
istic at thermocline depths in the vicinity of 
the Gul f Stream, t he Mid·-At lantic Ridge, and 
the North Equatorial Current . The latter area 
is also the location of the only major discrep-
ancy in lower layer kinetic energy . 
All model runs examined were characterized 
by zonal penetration of their mid-latitude jet 
and associated eddy fiel d a t abyssal depths 
that is too short . We tentatively conclude 
that this problem i s associated with a lack 
of vertical resolution in a two - layer for -
mulation for realistically-sized basins . This 
is to some extent because the Rossby number 
i s too small in the case of an upper layer 
whose depth is chosen to represent the ver-
tical scale of the main thermocline . Choosing 
a very shallow upper layer in a two- layer for-
mulation , in any event a rather contrived re-
presentation of the general cir culation and 
associat ed eddy field, leads to an unrealistic 
radius of defor mation . Preliminary r esults 
f r om a three-layer simulation in a simple ~asin 
are promising. Recognition of the need for 
mor e vertical resolution may help in resolving 
problems with the lack of zonal penetration 
of t he model Gulf Stream that have r ecently 
been encount ered in very preliminar y runs in 
a much mor e complex basin whose geometry and 
topography appr oximat es that appropriate to the 
North Atlantic . 
P0-16 
Supported by: ONR Contract N00014-76 - C-
0197 , NR083-400; NSF Grant OCE75-
03962 nmoi) and NSF at the National 
Center for Atmospheri c Research . 
F I N E S C A L E P R 0 C E S S E S 
FINE STRUCTURE IN THE CIRCU~WOLAR DEEP WATER 
Dani el T . Georgi 
Volumetric analysis is used to quantify 
the observed changes in the Circumpolar 
Deep Water (CDW) po t ential t emperature/salin-
ity relationship along the axis of the An t -
arctic Circumpolar Current . Harked differen-
ces in the CDW potential temper ature/salinity 
properties are found in the South Atlantic. 
However, the vertical density distribution is 
no t significantly affected : the vol ume of water 
in the deep water density class intervals 
remains unchanged . Lateral mixing with the 
warmer and saltier North At l antic Deep Waters 
(NADW) and the colder and fresher Antarctic 
deep waters appears responsible for this change. 
The rmohaline fine structure, temperature and 
salinit y inversions , has been observed on con-
tinuous salinity- temperature-depth soundings 
in much of the South Atlantic and is presumably 
the signature of this lateral mixing . ThLs 
fine structure (of non-internal wave origin) 
is particularly evident in the southwestern 
Argentine Basin , where . 5°C temperature inver-
s i ons with 50 to 200 m vertical scales are 
fo und at the depth of the NADW/CDW confluence , 
between 1500 and 2500 m. To quantify the in-
tensity of the fine s truc ture the temperature-
gradient variance in the 32 to 256 m vertical 
wavelength band is calculated for data from 
the southwest Argentine Basin , the Drake Pas-
sage, Scotia Sea , the central and eas tern At -
lantic and the southwestern I ndian Ocean. The 
largest variance levels occur in the Argentine 
Basin , the smallest in the Drake Passage , while 
those in the central Atlan t ic are intermediate . 
The tempera ture-gradient variance data from 
the Argentine Basin is then used to estimate 
the lateral heat flux in t he NADW/CDW conflu-
ence with a s t atistical model due to Joyce . 
The calculated quan t i t ies are small; the 
lateral heat flux is of order 4 x 10- 4 °C m 
s - 1 and the lateral diffusivity of order 40m2 
-1 
s . 
Supported by: NSF Grants OCE78- 22223 
and OCE79-04545 . 
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INTRUSION CHARACTERISTICS IN THE 
ANTARCTIC POLAR FRONT 
J ohn M. Toole 
Data obtained on two cruises t o the Ant-
ar ctic Polar Front are used to discuss the time 
scale a nd spatial structure of thermohaline in-
trusions in the front . These data from the 
Drake Passage and south o f New Zeal and include 
CTD (co nduct ivity-temperature - depth) time 
series made relative t o neutrally buoyant ver-
tical current meters, temperature data from 
these floats and small scale CTD sect ions . 
Studies t o discover the diffusive t·ime scale 
of the intrusions (and so, obtain in situ mix-
ing coefficients) are hampered by the presence 
of strong spatial gradients in the intrusion 
field. The results of this s tud y suggest that 
features are persistent for several days but 
that their thermohaline anomalies and vertical 
structure evo lve on shorter time scales . The 
length scale of the intrus ions is found to 
vary within the frontal zone. Near the region 
of maximum lateral gradients , length scales of 
5-10 km are observed, tvhi l e scales of only 1 km 
are found far from this location. It is sug-
gested that these small, isolated leaves of 
fluid are o ld intrusions which have been 
sheared and advected away from their gener a -
tion site. Several pieces of circumstantial 
evidence are presented to support the hypoth-
esis that intrusions are driven by salt fin-
gering and good agreement between the observa-
tions and the results of a dynamical model of 
int r usions driven by saltfingers is noted. 
Finally, application of s tatistical model for 
instrusive variance predicts that intrusions 
may affect constant lateral eddy diffusivities 
in fronts. 
Supported by : NSF Grant OCE77 - 28355 and the 
National Research Council Research As -
sociateship at the Pacific Marine En-
vironmental Laboratory. 
T U R B U L E N C E A N D M I X I N G. 
T 0 P 0 G R A P H I C E F F E C T S 
A NOTE ON SOME USES OF 6- S SECTIONS 
J ohn G. Bruce 
Isohalines plotted against temperature 
and horizontal distance along a hydrographic 
section can be used to observe changes in the 
T- S (temperature- salini t y) or 6- S relation-
ship of wa t er masses. Using this technique 
eddies formed off the Somali coast during t he 
southwest monsoon or Gulf Stream eddies having 
their own individual T-S patterns may be iden-
tified. 
In press: J . Geophysical Resear ch. 
Support ed by : ONR Contract N00014-79- C-
0071, NR083-004. 
HOMOGENEOUS QUASI-GEOSTROPHIC TURBULENCE 
DRIVEN BY A UNIFORM TEMPERATURE GRADIENT 
Dale B. Haidvogel and Isaac M. Held 
Stati s tically steady states consistent 
with a horizontally uniform time-averaged tem-
perature gradient in a two-layer quasi-gee-
strophic model on a beta-plane are found by 
numeri cally integrating the equations for de-
viations from this mean state in a doubly pe-
riodic domain. Based on the resul t that the 
flow s t atistics are nearly independent of the 
size of the domain, it is argued that this 
homogeneous flow is physically rea lizable. 
The dependence of the eddy heat and potential 
vorticity fluxes and eddy energy level on var-
ious model parameters (the beta effec t, sur-
face drag, small-scale horizontal mixing) is 
described. Implications for eddy flux param-
eterization theories are discussed . 
In press: Journal of the Atmospheric 
Sciences . 
Supported by : NSF Grant OCE78-25700 and 
the ·National Center for Atmospheric 
Sciences. 
THE INFLUENCE OF THE MID-ATLANTIC RIDGE 
UPON THE CIRCULATION AND THE PROPERTIES 
OF THE MEDITERRANEAN WATER 
SOUTHWEST OF THE AZORES 
Terrence M. Joyce 
The warm, salty water influenced by the 
Mediterranean outflow can be observed at mid-
depth throughout the cen tral North Atlantic 
Ocean . Katz first noted that rather than a 
gr adual salinity decrease away from the source, 
large changes were observable over major topo-
graphic features such as the mid- Atlantic 
Ridge, despite the fact that t he topography 
presented no direct physical barrier to the 
core layer. Two mechanisms are considered 
which can account f or this sub-surface frontal 
transition : variable eddy diffusivity and 
horizontal shear induced by submarine topog-
raphy. The structure of the actual geostrophk 
current s and water masses southwest of the 
Azores is explored with CTD, XBT and float 
data collected in June 1977 aboard the R/V 
Knorr . A CTD section normal to and crossing 
the ridge axis near 35°N, 35°W shows the ther-
mocline to be domed up 200 m over the ridge 
axis compared with sta t ions 200 km to either 
side. At 1000 meter s depth a change in salin-
ity of nearly 0 . 15700 in the Mediterr anean 
water i s observed to occur over a hor izontal 
distance of 100-150 km, and i s located west 
of the ridge near 38°N and over the ridge axi s 
near 34°N . Near t his transition two neutrally 
buoyant float s were tracked for a period of a 
day. CTD stations around and over a float at 
810 m dep t h showed the temperature and sal i n-
ity intrusions to per sist with time and hor i -
zontal space scales i n excess of 15 hours and 
4 km . I f the curr ents observed sou thwest of 
the Azores are representative of the genera l 
c irculation of the region , t hey not only ex-
plain the water mass structure i n the thermo-
c line and Mediterr anean water but also point 
out t ha t the historica l data base of zona l 
hydrographic sec t ions doe s not adequately re-
sol ve the baroclinic structure . 
In press : Journal of Mar ine Resear ch . 
Supported by: NATO Tr avel Grant SV 19 
and ONR Contract N00014-76- C-019 7, 
NR083- 400. 
HORIZONTAL ADVECTION OF TEMP ERATURE I N THE 
SEASONAL THERMOCL I NE DURING JASIN 1978 
P0-18 
Terrence M. Joyce, Rolf H. Kase and Walt e r Zenk 
The temporal changes in the low- freq uency 
thermal structur e during a two-week period in 
Augus t-September 1978 a r e discussed from 
moored data collec t ed during the JASIN experi-
ment. While some changes in t he thermal 
s tructure appear to be rela t ed to local winds , 
the dominant low-fr equency variabil i t y i n the 
seasonal t hermocline can be explained as hor-
izontal advection of a spatially varying tem-
pera t ure field, and associated thermal wind, 
by geos t rophic currents with lit t le vertical 
mo tion or mixing required. 
Published in: J ournal of Physical Ocean-
ography 10 : 1686-1690 , 1980 . 
Support ed by : NATO Travel Gr ant SV 19, 
ONR Con t rac t N00014 -7 6- C-0197 , 
NR083 - 400 , and Deutsche For schungs-
gemeinschaft . 
HYDROGRAPHIC GRADIENT ESTIMATION 
FROH MULTI-STATION DATA 
C. Henry McComas and Melbourne G. Briscoe 
Pooled r egress ion techniques a r e used to 
combine sever al hydrographic s tat i ons to give 
an i mproved estimate of grad i en t s. Examples 
are gi ven of the estimation of potential 
density vert ical gr ad i ent and of the slope 
of a temperature- sal inity plot; the examples 
are based on JASIN 1978 data. 
Support ed by: NSF Grant OCE77- 25803 and 
ONR Contract N00014- 76 - C-019 7 , 
NR083- 400 . 
FORM OF TEHPERATURE-SALIN ITY RELATI ONSHIP 
I N THE CENTRAL WATER : 
EVI DENCE FOR DOUBLE- DIFFUS IVE MI XING 
Raymond W. Schmitt 
The temperature-sali nity relationships of 
the Cen tral Water Masses of the· world oceans 
are shown to be much better descr i bed by a 
curve of constant heat/salt density ra t io 
than by a s traight line. Thi s is consisten t 
with t he unequal mixing rates for hea t a nd 
salt expec t ed from "salt-finger s" and incon-
sistent wi t h the traditional assumpti on of 
equal eddy diffusivities. 
Supported by : WHO I Post doctoral Fell mv-
ship and NSF Gr ant OCE79- 19251 . 
ON THE DYNAMICS AND EFFECTS OF 
DOUBLE-DIFFUSIVELY DRI VEN INTRUS IONS 
John M. Toole and Daniel T . Georgi 
Some of the characteris tics of intrusive 
fine-structur e ob s erved in oceanic fron t s sug-
gest that salt fingering is active in the in-
trusions. An extension of Stern ' s study of 
the stabili t y of a ther mohal ine f r ont to in-
trusive fine - str ucture driven by salt fingers 
i s pr esented to inves tiga t e t his hypothesis. 
Intrusions are f ound t o grow due t o the salt-
finger -induced densi t y fluxes even i n the 
presence of small scal e momentum dissipation. 
The presence of this d iss ipation defines a 
fas test gr owing mode for the dis t urbance which 
has phys i cal char acteristics not unlike those 
observed in oceanic f r onts. The model results 
do no t agr ee well with the laboratory s tudie s 
of intrusions. For many ·front s, the model r e-
quir es ini tial per turbations in the f r ont 
which can support sal t f i nger s . Linear in-
t ernal 1vaves are investigated to determine if 
t hey can provide the init i a l perturbat i on. It 
is shmvn that , away from the equator , the in-
teraction be t ween interna l waves and i nt r u-
sions is weak because of a mismatch of time 
scales. Finally , growi ng intr usions are shown 
to flux heat, salt and density ac ross fron t s. 
The senses of these fluxes a r e to run down the 
later al gr adien t s of many oceanic fronts. 
In press: Progr ess in Oceanography . 
Suppor t ed by : NSF Gr ant OCE77-28355 and 
ONR Contract N00014-79-C-0071, NR083-
004. 
EQUILIBRIUM SCALING OF TURBULENT BOUNDARY 
LAYERS IN A PRESSURE GRADIENT 
Eric D' Asaro 
P0- 19 
Simple expressions giving the wall drag, 
growth rate and turbulent kinetic energy pro -
duction for a two-dimensional, smooth wall, 
turbulent boundary layer subject to a pressure 
gradient are found from experimental data using 
the scaling laws of Kader and Yaglom. These 
expressions are found to be valid only for 
slowly varying boundary layers; a criterion 
for slow variation is gi ven. These expres-
sions should be useful in estimating the 
effect of pressure gradients on a turbulent 
boundary layer, given only the viscosity, 
boundary layer thickness, and free stream ve-
locity and pressure gradient . 
Supported by: ONR Contract N00014-76-C-
0197, NR083-400 and NSF Grant OCE76-
81190 . 
I N T E R N A L W A V E S 
OBSERVATIONS OF THE HORIZONTAL INTERACTIONS 
BETWEEN THE INTERNAL WAVE FIELD 
AND THE MESOSCALE FLOW 
Ellen D. Brown and W. Brechner Owens 
Significant momentum and energy transfer 
from the mesoscale hor izontal velocity s hear 
to the internal wave field have been deduced 
from an analysis of a closel y spaced, 25 km, 
moored current meter array . Correlation be-
tween the low frequency horizontal shear and 
internal wave field effective str ess implies 
a si~nificant horizontal eddy viscosity of 
0(10 cm2 /s), somewhat larger than predicted 
by Muller. Assuming a steady- s t ate energy 
balance for the internal wave field , t.he ob-
served correlation between internal wave hor-
izontal kinetic energy and low-frequency 
squared horizontal shear , and the horizontal 
eddy viscosity implies an 8-day relaxation 
time for the internal wave field. From this 
relaxation time and the correlation between 
internal \vave energy and low-frequency verti-
cal shear, one can predict a combined eddy 
vertical viscosity and horizontal diffusivity 
which is at most 0(10 2 cm2 /s) . This value is 
consis tent with both this data and previous 
observational analyses, but less than that 
predicted by Muller, 0(10 3 cm 2 /s) . 
Supported by : NSF Grant OCE77-19403 . 
TIME SCALES OF RESONANT INTERACTIONS 
AMONG OCEANIC INTERNAL ~vAVES 
C. Henry McComas and Peter Muller 
Transfer rates and times of nonlinear 
resonant interactions within the oceanic in-
ternal wave field are evaluated analytically 
for the mechanisms which dominate the trans-
fers within the Garrett and Munk spectral 
models (the elastic scattering, the induced 
diffusion and the parametric subharmonic 
instability mechanism). The analytic trans-
fer rates assume that the interacting wave 
components are widely separated in wave number 
and/or frequency and are shown to agree well 
with the exact numerically calculated trans-
fer rates. The analytic expressions are used 
to conveniently and explicitly discuss pos-
sible equilibrium states and the extent to 
which high wave number internal waves can be 
treated in the weak interaction limit . The 
Garrett and Munk spectral models are in equi-
librium with respec t to the elastic scattering, 
close to equilibrium with respect to the in-
duced diffusion and not in equilibrium with 
respect to the parametric subharmonic insta-
bility mechanism. For an overall dissipation 
time scale of 30 days , waves with wavelength 
down to 5 m are weak . 
In press : Journal of Physical Oceanography . 
Supported by : NSF Grant OCE77- 25803 and 
ONR Contracts N00014-76-C-0197, 
NR083- 400 (WHOI) and N00014- 75- C-
0225 (Harvard) . 
INTERNAL WAVES IN THE UPPER OCEAN 
Michael W. Roth, Melbourne G. Briscoe 
and C. Henry McComas, III 
Previous work has shown that the deep- ocean 
internal wave field has little variability and 
can be described by a stationary spectrum. 
This analysis of upper ocean internal wave 
data supports the hypothesis that the variable 
upper ocean (within the upper 200 m) internal 
wave field can be represented as fluctuations 
superimposed on the base state stationary 
spectrum, such as t hat given by the model of 
Garret t and Munk. That is, we hypothesize 
that the variability is present in addition to 
the stationary background, rather than instead. 
The parameters of the Garrett and Munk model 
are particularized by a best fit to the deep 
ocean IWEX data; the model is then directly 
compared to upper ocean internal wave data 
from Cape Cod, FLIP, GATE, St. Croix, and the 
NRL towed chain . These data, properly inter-
preted line sensor data, and the existence of 
a dynamic saturation mechanism, are all con-
sis t ent with the hypothesis . 
Supported by : NSF Grant OCE77-2S803 
and ONR Contr act N00014-76-C-0197, 
NR083- 400. 
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ANNUAL HEAT GAIN OF THE TROPICAL ATLANTIC 
COMPUTED FROM SUBSURFACE OCEAN DATA 
David W. Behringer and Henry M. Stommel 
Charts are presented which show the sea-
sonal and annual rates of heat gain of the 
tropical North Atlantic Ocean . These rat es 
have been computed using subsurface oceano-
graphic da ta and wind-s tress da ta . In these 
computations the inter-seasonal r a t es of hea t 
gain are determined primarily by the rate of 
local heating and their magnitude, in general , 
is sever al times larger than the annual r ate. 
The annual mean rate implies a net heat loss 
over much of the t r opical ocean. The probable 
mechanism for this heat loss is an annual ex-
cess in cooling due to evaporation over hea t-
ing due to the net incoming radiation . The 
present resul t s show similarities t o some re-
s ults of previous author s who have based their 
calculations on bulk aerod ynamical formulas 
and r adiati on estimates . 
Supported by : NSF Grant OCE78-18460 . 
EVOLUTION OF SEA SURFACE TEMPERATURE IN THE 
SOMALI BASIN DURING 
THE SOUTHWEST MONSOON OF 1979 
Otis B. Brown, John G. Bruce 
and Robert H. Evans 
P0-20 
Satellite and research vessel observations 
of sea surface temperature during the south-
west monsoon of 1979 show t he development of 
large wedge-shaped areas of cold water along 
the Somali coast at both S0 and l0°N during 
June and J uly . The cold water assoc i ated with 
the l arge northern and sou thern Somali eddy 
systems could be traced several hundred kilo-
meters offshore . By late August t he col d wedge 
at S0 N translated northeas tward as far as l0°N 
at speeds of lS to 30 centimeters per second, 
indicating a coalescence of the systems . 
Published in: Science 209, S9S-S97, 1980. 
Supported by : ONR Contracts N00014-79-C-
0071 , NR083-004 (l-lHOI) and N00014- 76-
C-0173, NR083-060 (Univ. o~ Miami). 
SURFACE ENERGY FLUXES 
OF THE SOUTH ATLANTIC OCEAN 
Andrew F . Bunker 
Fluxes of sensible , l atent and radiational 
energy and momentum acr oss the surface of the 
South Atlantic Ocean have been calculated by 
substituting ship meteorological observations 
into bulk aerodynamic and empirical radia tion 
equations. Upper- air measurements of humidity 
and temperature have been used to supplement 
the surface empirical infrared r adia tion for-
mula . North Atlantic fluxes have been updated 
using upper-air humidities and the same tech-
nique . Charts of annual f luxes and meteoro-
l ogical va riable averages are pr esen t ed and 
di scussed in ter ms of meteorological condi-
tions, oceanic heat advection, upwelling, and 
horizontal mixing of water in the various re-
gimes of the South Atlantic . Compari sons be-
tween meteorolog i cal conditions, oceanic cur-
rents, and fluxes over the North and South At-
lan t ic have been made. Summa t ions of total 
heat flux show that the cold South Atlantic 
gains 4. 7 x 1014 H, while the warm North Atlan-
tic loses 6 . 6 x 1014 W. Oceanographic calcula-
tions based on currents and t emperatures i ndi-
cate that a net of S.4 x 1014 W are transported 
across the equator from south t o north. 
In press : Monthly Weather Review . 
Supported by : NSF Grant ATM77 - 0147S . 
SEA-AI R HEAT AND FRESH WATER FLUXES IN THE 
DRAKE PASSAGE AND \vESTERN SCOTIA SEA 
Alberto R. Piola and Daniel T. Georgi 
Hydrographic data from the vicinity of the 
Antarctic Polar Front in the Drake Passage and 
western Scotia Sea are used to estimate the 
heat con tent and salini t y differences for the 
upper ocean be t1veen summer and winter. Assum-
ing that t hese differences are caused primar-
ily by the exchange of heat and f r esh water 
a t t he sea surface during the six month period 
f r om February to 'July , an integrated heat flux 
of 11 . 3±S . 2xl0 8 Joules/m2 (2 . 69Xl0 4 cal /cm 2 ) 
and an exc ess of precipitation of 276 mm are 
required . These fluxes agree well with esti-
mates derived from historical meteorological 
observa tions . 
In press : J. Physical Oceanogr aphy . 
Supported by : NSF Grant OC£78- 22 223 and 
the Consejo Nacional de Invest i gaciones 
Cient!ficas y Tecnicas de la Republica 
Ar gent i na . 
UPPER OCEAN RESPONSE TO A HURRICANE 
James F . Price 
The upper ocean response to a moving hur-
ricane is studied using historical air/sea 
P0- 21 
data and a three-dimensional numerical ocean 
model . Sea surface temperature (SST) response 
is emphasized . The model has a sur face mixed-
layer (ML) which entrains according to a veloc-
ity-dependent parameterization , and two lower 
layers which s timulate the response in the 
thermocline . The passage of hurricane Eloise 
(1975) over buoy EB- 10 is simulated in detail . 
SST decreased 2°C as Eloise passed directly 
over EB-10 at 8 . 5 m s - 1 • Model results indi-
ca t e that entrainment caused 85% of the irre-
versible heat flux into the ML; air/sea heat 
exchange accounted for the remainder . The 
maximum SST response was predicted to be -3°C 
and to occur 60 km to the right of the hurri-
cane track. This is consistent with the well-
documented rightward bias in the SST response 
to rapidly moving hurricanes. The rightward 
bias occurs in the model solution because the 
hurricane wind stress vector turns clockwise 
with time on the right side of the track and 
is roughly resonant with the ML velocity . 
High ML velocities cause strong entrainment 
and thus a strong SST response . 
Model comparisons with EB-10 data suggest 
that a wind speed dependent drag coefficient 
similar to Garratt's is appropriate for hurri-
cane conditions . A constant drag coefficient 
1. 5 x 10- 3 underpredicts the amplitude of up-
welling and the SST response by about 40% . 
Numerical experiments show that the response 
has a lively dependence on a number of air/sea 
parameters . Intense, slowly moving hurricanes 
cause the largest response . The SST response 
is largest where cold water is near the sea 
surface, i.e . when the initial ML is thin and 
the upper thermocline temperature gradient is 
shar p . Nonlocal processes are important to 
some aspects of the upper ocean response. Up-
welling significantly enhances entrainment 
under slowly moving hurricanes (::, 4 m s- 1 ) 
and reduces the rightward bias of the SST re-
sponse . Horizontal advection dominates the 
pointwise ML heat balance during the several-
day period following a hurricane passage . 
Pressure grad ients set up by the upwelling do 
not play an important role in the entrainment 
process, but are an effective mechanism for 
dispersing energy from the ML over a 5-10 day 
time scale . 
In press : J . Physical Oceanography. 
Supported by: ONR Contract N00014-76-C-
0226 . 
ASYMMETRY OF INTEROCEANIC FRESH WATER 
AND HEAT FLUXES 
Henry M. S tommel 
According to recent hydrological and me te-
orological studies , the meridional flux of 
fresh water and heat is remarkably different 
from ocean to ocean . These fluxes have been 
found to be consistent with the temperature 
and salinity distribution in the northern hem-
isphere . Hmvever, an attempt t o map these 
fluxes on t he temperature-salinity plane of a 
southern latitude leads t o such large ampli-
tudes of \vater-mass vo lume flux that it seems 
that there may be something wrong about them . 
Published in : Proceedings of the National 
Academy of Sciences, U. S .A. 77 , 2377 -
2381, 1980 . -
Supported by : NSF Grant OCE78-18460 . 
HO\v THE RATIO OF MERIDIONAL FLUX OF FRESH 
\-lATER TO FLUX OF HEAT FIXES THE LATITUDE 
\.JHERE L0\-1 SALINITY INTERMEDIATE WATER SINKS 
Henry H. Stommel 
Prescription of the meridional fluxes of 
fresh water and heat fixes lmver limits on 
the magnitude of meridional volume fluxes , 
the direction and relative depths at which 
they occur, and the latitude at which low 
salinity intermediate water converges and 
sinks . It also reveals that the main 
transport occurs in two separate meridional 
cells with opposing sense of rotation , and 
determines the latitude of the boundary be-
tween them . 
In press: Tellus . 
Supported by : NSF Grant OCE78-18460 . 
W A T E R P R 0 P E R T I E S 
ELECTRICAL CONDUCTIVITY OF SEA\vATER 
Alvin L . Bradshaw and Karl E. Schleicher 
Measurements of some temperature and pres-
sure dependent relationships of the electrical 
conductivity of seawater at various salinities 
were made using four- electrode conductivity 
cells. At atmospheric pressure the measure-
ments were of t he effect of t emper ature over 
the r ange from the freezing point to about 
35°C on (1) rT (the ratio of the e l ectrical 
conductivity of 35%0 seawater at temper ature 
P0- 22 
T to that at l5°C) and (2) RT (the ratio of 
the electrical conductivity of a given sea-
\vater at temperatur e T to that of 35°/00 sea-
water at th e same t emperature) at various 
salinities . The r esults under (1) have been 
combined with those of Dauphinee and expressed 
as a f ourth degree equation in temperature by 
Perkin and Lewis . The results under ( 2) con-
firm the temperature dependence of the findings 
of Dauphinee and of Poisson for Rr as a func-
tion of salinity (weight dilution) at various 
temperatures. Measur ements of the effect of 
pressure on the electrical conduc tivity of 
seawater were made fo r sal inities of 2, 14, 
22 , and 35%0 over pressure and temperature 
ranges of 0 to 1000 bars above atmospheric 
pressur e and the freezing point to 30°C, r e-
spectively . These results complement those 
of our earlier work using a two-electrode con-
ductivity cell on 31 , 35, and 39%o salinity 
seawaters over approximately the same pressure 
and temperature. ranges . "Best" l east squares 
polynomial fits in pressure and temperature 
to the ne\v and to the old observed values of 
percentage increase in co nduc tivity at 35~oo 
agr ee within the equivalent of 0 . 006~oo salin-
ity at 1000 bars . The accuracy of the new 
results, which at 35°/00 is probably not worse 
than the equivalent of 0 . 003%o salinity at 
1000 bars , is superior to that of the earlier 
ones . Perki n and Lewis have fitted rational 
functions in P, T, R, and /R, where R is the 
r a tio of the e l ectrical conduc tivit y at P , T , 
and salinity S to that at 0 bars , l 5°C and 
35%0 , to the combined old and new edited data . 
They obtained a standard deviation of 1 . 3-ppm 
salinity for their oceanographic fit and a 
standa rd devia tion of 1 . 3- ppm fo r their gen-
era l fit . 
Published in: IEEE Journal of Oceanic 
Engineering OE-5, 50-62 , 1980 . 
Suppor ted by : NSF Gran t OCE76-20153 . 
A NEW HIGH PRESSURE EQUATION- OF STATE 
FOR SEAWATER 
Frank J. Millero, Chen-Tung Chen, 
Al vin L. Bradshaw and Karl E. Schleicher 
A new high pressure equa tion of state for 
wa t er and seawater has been derived from the 
experimental results of Millero and coworkers 
in Miami and Bradshaw and Schl e icher in Woods 
Hole. The form of the equation of state is a 
second degree secant bulk modulus 
K = Pv 0 / (v 0 - vP) = K0 + AP + BP 2 
K0 = ~~ + aS + bs¥2 
A = Aw + cS + dS 3/2 
B = Bw + eS 
where v 0 and vP are the specific volume at 0 
and P applied pressure and S i s the salinity 
(~00 ) . The coefficients K!, ~· and Bw for 
the pure water par t of the equat ion are poly-
nomia l f uncti ons of t emperature. The standard 
error of t he pure wat er equation of state is 
4.3xlo- 6 cm3 g- 1 in vP. The temperature de-
pendent parameters a , ~. c , d, and e have been 
determined from the high pressure measurements 
on seawater. The overall s t andard error of 
the seawater equation of state is 9 . 0 x 10-6 
cm3 g- 1 in vP . Over the oceanic ranges of 
temper a ture, pressure and salinity t he s tan-
dard error i s 5 . 0x 10- 6 cm 3 g- 1 in vP . This 
new high pressure equation of s tate has re-
cently (1979) been recommended by the UNESCO 
Joint Panel on Oceanographic Tabl es and St an-
dards for use by the oceanographic community. 
Published in: Deep-Sea Research 27A: 
255-264 , 1980. 
Supported by: NSF Gr ant OCE74- 18158 . 
I N S T R U M E N T A L N 0 T E S 
CMICE 76 : A CURRENT METER INTERCOMPARISON 
EXPERIMENT CONDUCTED OFF LONG ISLAND 
IN FEBRUARY-MARCH, 1976 
Robert C. Beardsley , William C. Boicourt , 
Lloyd C. Huff, James R. McCullough 
and Jon T. Scott 
A moored current meter intercomparison ex-
periment call ed CMICE l6 was-cond~~ted about- 6 
kilome t ers off the southern coast of Long Island , 
New York, near 40°47'N , 72°30 ' W during Februa r y 
and March, 1976. A t otal of 20 cur r ent meters 
were deployed on six moorings set in a r oughly 
linear array parallel to the local coas tline 
and topography . The seven instrument t ypes 
used were the Aander aa RCM-4 , the AMF VACM (vec-
tor- averaging current meter) , the Brookhaven 
National Labora tory spar buoy sys t em with cylin-
drical and spher ical Marsh-McBirney e l ectromag-
net ic sensors, the EG&G 850 and CT- 3, and the 
Chesapeake Bay Institute modified ENDECO 105 . 
Current me t ers wer e gr oup ed at fo ur depth level s 
(3 . 5 m, 7 . 4 m, 15.7 m and 25 .0 m). Wat er depth 
was 27.8 m. Wave data was ob t ained a t the site 
and 10-m wind data was measured a t the coast 7 
km north. Intercomparison of 1-hr vector veloc-
ities from instruments of the same t ype a t the 
P0-23 
same level in the array indicated sufficient 
horizontal flow homogeneity to allow evaluation 
of instrument-mooring differences . For properly 
operating meters the general agreement was typ-
ically within ±2 em/sec and ±5° in wave heights 
from 0 to 3 . 5 m. Summaries of the instrument 
and mooring performances and the effect of sur-
face wave and wave-induced mooring motion on 
different measurement systems are presented . 
Supported by : ERDA Contract EY-76- C-02-
0016 (Brookhaven National Laboratory) ; 
NSF Grants OCE78-11306 and OCE77-22774 
(Chesapeake Bay Institute) ; NSF Grants 
OCE76-01813 and OCE78- 19513 and ONR 
Contract N00014-76- C-0197, NR083- 400 
(WHOI) . 
SENSOR RESPONSE MISMATCHES AND LAG CORRECTION 
TECHNIQUES FOR TEMPERATURE-SALINITY PROFILERS 
Edward P . W. Horne and John M. Toole 
Salinity-temperature-depth profilers meas-
ure temperature directly but infer salinity 
from measurements of temperature, pressure and 
conductivity . Errors may therefore be intro-
duced into the salinity data because of dissim-
ilar response characteristics of the various 
sensors . This response mismatch usually mani-
fests itself as the temperature signal lagging 
the conductivity signal in time. An err or anal-
ysis demonstrates that amplitude underestima-
tions of only 1% with a phase error of only 5° 
in the t emperatur e data can result in a 20% 
overestimation of salinity variance . Techniques 
for removing the effects of sensor- response mis-
matches in the data are discussed and a new 
method is presented . The method involves the 
determination of correction filters for the 
data in phys i cal space in terms of the response 
function of the sensors which is in frequency 
space . Ther mohaline features on vertical scales 
smaller than 1 m appear resolvable in CTD* data 
that are corrected with this technique . 
Published in : Journal of Physical Oceanog-
raphy 10, 1122-1130, 1980. 
Supported by : NSF Grant OCE77-28355 . 
AN ACOUSTIC DROPSONDE - THE \.fliiTE HORSE: 
DESIGN , PERFORMANCE AND EVALUATION 
James R. Luyten, Gerald J . Needell 
and John H. Thomson 
The lofuite Horse is a freely- falling , acous -
tically self- navigating dropsonde used to de-
termine vertical profiles of horizontal ocean 
currents . The design of the instrument is dis-
cussed , together with the techniques used for 
the acoustic navigation using bottom moored 
transponders. A detailed analysis of the 
errors in t he entire system is given. Com-
parisons are made between velocity estimates 
from the lofuite Horse and those from moored 
current meters , showing that individual esti-
mates of velocity averaged over 25-meter depth 
intervals are consistent to within 4 em/sec . 
The internal cons istency between down and up 
profiles and the external consistency with 
a second instrument of different configura-
tion confirm these es t imates of the over all 
accuracy of the observations . 
Supported by : ONR Con tract N00014-76- C-
0197 , NR083-400 and NSF Grants ATM76-
21491 and OCE75-01282 . 
T E C H N I C A L R E P 0 R T S 
CALCULATION OF MEAN SEASONAL FLOW 
SURFACE ELEVATION FIELDS OVER THE NORTH 
ATLANTIC CONTINENTAL SHELF AND SLOPE 
USING HISTORICAL HYDROSTATION DATA 
James H. Churchill 
This report de t ails the calculation and 
results of a simple coastal elevation field 
model which was presented in a recent paper 
(Csanady , 1979) . Seasonal mean sea surface 
elevation fields were calculated over the 
shelf- slope region off the east coast of North 
America north of Cape Hatteras by applying the 
model to a grid of averaged sigma- t's at 
standard depths. The sigma-t grid was cal-
cula ted utilizing a data base of approximate-
ly 30 ,000 hydrographic stations from archives 
of the National Oceanographic Data Center 
(NODC) . Difficulties involved with the 
numerical implementation of the model and 
economizing ad~ptations to the WHOI NODC data 
process ing program, occo~~. are discussed. 
Reference: Csanady, G.T . , 1979 . The pres-
sure field along the western margin 
of the North Atlantic. { · Geophys . 
Res., 84 , 4905- 4915 . 
Prepared for : DOE under Contract DE-AC02-
79-10005. 
MEASUREMENT OF NEAR-SURFACE CURRENT 
IN CAPE COD BAY USING SIGHTED DROGUES 
James H. Churchill and Berthold H. G. Pade 
During July 16-19, 1979 currents in Cape 
Cod Bay from the very near surface to 1 . 8 m 
were measured by taking simultaneous bearings 
on submerged drogues from two anchored vessels . 
The err or in drogue position as a function of 
location with respec t to the two vessels was 
examined in detail and was used for rejecting 
or accepting velocities from particular sight-
ings . From t he final results well defined 
velocity shears , near ly parallel with the 
wind , \vere evident. From these velocity fields 
surface stress coefficients, equivalent sand-
grain roughness coefficients, and the near 
surface gradients of relative (to the surface 
velocity) velocity were calculated . 
Pr epared for : DOE under Contract DE- AC02 -
79EV10005. 
BIOLOGICAL AND HYDROGRAPHIC STATION DATA 
OBTAINED IN THE VICINITY 
OF NANTUCKET SHOALS , MAY 1978 - MAY 1979 
Richard Limeburner, Robert C. Beardsley 
and Wayne Esaias 
Si x cruises were made f r om May 1978 to 
May 1979 to measure t he regional d i stributions 
of chlorophyll , silicate , nitrate and nitr ite, 
phosphate, temperature , and salinity in the 
vicinity of Nantucket Shoals on the New En-
gland continental shelf . A summary of the 
hydrographic observations made on the fir st 
three cruises has alr eady been presented by 
Limeburner and Beardsley (WHOI Technical 
Repor t WHOI-79- 30, 1979). A summary of the 
biological data obtained on five of the six 
cruises and the hyd r ographi c observations made 
during the last three cruises is presented 
here in graphic form . 
Prepared for : Department of Commerce , 
NOAA Office of Sea Grant , under Grants 
04- 7- 158-44104 and 04- 9-MOl- 149 ; EG&G 
Environmental Consultants under Con-
tract 54779 ; and Brookhaven National 
Laboratory under Contract 424422 - S. 
MOORED ACOUSTIC TRAVEL TIME (ATT) 
CURRENT METERS : EVOLUTI ON, PERFORMANCE 
AND FUTURE DESIGNS 
James R. McCullough and Wilhelm Graeper 
New labora t ory measurements and numeric 
model studies show the present folded-path 
acoustic travel time current meters are smb~ 
and sensitive , bu t are not well suited for 
mean flow observations in surface gravity 
waves . Alternate designs which r educe un-
wan ted wake effects are proposed . ATT flow-
meter history , principl es of acoustic flow 
sensors, mean flow near cyl inders, and the 
need for linear flow sensors are reviewed . 
Prepared for: ONR under Contract N00014-
76-C-Ol97, NR083 - 400 . 
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THE DEEP WESTERN BOUNDARY CURRENT AT THE 
BLAKE-BAHAMA OUTER RIDGE : CURRENT METER 
AND TEMPERATURE OBSERVATIONS , 1977-1978 
Carol A. Mills and Peter B. Rhines 
We describe the current-meter data col-
lected from four moorings (11 current meters) 
in the vicinity of the Blake- Bahama Outer 
Ridge. These 12- month records document both 
mean and eddy activi ty of the deep western 
boundary current of the North Atl antic , near 
30°N. In addition , the temperatur e records 
show large-scale , westward propagating eddies 
in which the ocean above the thermocline ac-
tively affects the abyssal jet. 
Prepared for : NSF under Grant OCE76-81190 
and ONR under Contract N00014-76- C-
Ol97 , NR083-400. 
NEW ENGLAND SHELF/SLOPE EXPERIMENT 
(FEBRUARY TO AUGUST, 1976) 
DATA REPORT : THE MOORED ARRAY 
Hsien Wang Ou , John A. Vermersch , 
Wendell S . Brown and Robert C. Beardsley 
The New England Shelf/Slope Experiment 
(NESS76) was conducted from February to August 
in 1976 over the continental margin south of 
the New England coast . The initial objective 
of the experiment was to examine the kinematic 
and dynamic coupling of the low frequency oce-
anic motions between the outer New England 
shelf and the deeper slope/ rise regions; and 
in particular, to monitor simultaneously the 
current, temperature, and bottom pressure 
fluctuations across the New England continental 
margin . The fiel d program contained several 
components : (l) a six- month moored array to 
monitor current, temperature, and bottom pres-
sure ; (2) two hydr ographic cruises conducted 
around the moored array ; (3) a collection and 
synthesis of the synoptic meteorological data ; 
and (4) detailed bathymetric surveys conducted 
around the deeper moorings. The two hydro-
graphic cruises were conducted during May 
11-21 and August 12-23 of 1976 , and the ini-
tial results from the cruises have been re-
ported elsewhere by Limeburner, Vermersch and 
Beardsley (WHOI Technical Report WHOI- 78-
83 , 1978). Only the moored array and the me-
teorological data will be presented here . 
Prepared for : NSF under Grants OCE76-
01813, OCE78-19513 , OCE76-2590 and 
OCE76-02190 . 
A COMPILATION OF MOORED CURRENT METER DATA , 
WHITE HORSE PROFILES AND 
ASSOCI ATED OCEANOGRAPHIC OBSERVATIONS , 
VOLUME XXIV (INDIAN OCEAN ARRAY, 1976) 
Ann Spencer , Ka t hleen O' Neill and 
James R. Luyten 
Current and tempera t ure measurements are 
pr esented from instruments deployed during May 
1976 in the western Indi an Ocean, between 
50°E and 57°E and bet ween lOs and 5°N . The 
exper iment was part of the I NDEX program . 
Seven mooring sites were occupied . Fourteen 
current meters and five temperature/pressure 
r ecorders were on WHOI moorings at four of 
the sites . Two current met ers and 11 temper-
a t ure/pressure recor ders were on MIT moor-
ings at three sites. Most of the r esul ting 
data r ecords are of eight mon t hs duration . A 
cur rent profiler , the White Horse, was also 
used , and 41 profiles wer e taken over a six-
week period . Basic data from the current 
meters are pr esented in statistical tables and 
graphically as scatter plots , progressive vec-
tor plots , spectral plots and time series 
plots. Filtered time series are shown in com-
posite displays. Basic White Horse data are 
presented as east and nor th current component 
profil es, position plots and perspective vec-
tor plots . Selected CTD data are displayed 
as plots of potential t emperature and salinity 
versus pressure, and as T- S diagrams . Data 
from four XBT sections are displayed graph-
ically . 
Pre pared for : ONR under Contract N00014-
76-C-0197 , NR083-400 and NSF under 
Grants ATM76- 02196, ATM78- 21491 and 
DES72-10384 . 
A COMPILATION OF MOORED CURRENT METER DATA 
AND ASSOCIATED OCEANOGRAPHIC OBSERVATIONS, 
VOLUME XXII (POLYMODE ARRAY III 
CLUSTERS A, B AND SITE MOORINGS) 1977-1979 
Susan A. Tar bell 
P0- 25 
Summaries are presented of current , pres-
sure and temperature measurements from clus -
ters A and B of the POLYMODE III experiment . 
These clusters had f i ve moorings apiece and 
were deployed for 11 . 5 months . With a few 
exceptions, current meters were set at nominal 
depths of 200 , 1500 and 4000 m and temperatur~ 
pressure recorders at 400 and 2800 m on each 
mooring~ A site mooring was deployed at both 
clus t er locations for an additional 17 months . 
Displ ays i ncl ude time series , histograms, pro-
gressive vec t or diagrams, scatter plots , spec-
tra , and statistics . 
Pr epar ed for : ONR under Contract N00014-
76- C- 0197 , NR083-400 and NSF under 
Grant OCE76 - 24232 . 
THE llliOI MOORED ARRAY PROJECT 1963 - 1978 : 
DATA DIRECTORY AND BIBLIOGRAPHY 
Susan A. Tarbell, Margaret A. Chaffee , 
Audrey L. Williams and Richard E. Payne 
General information about mooring loca-
tions , durati0ns and data gathered by the 
Moored Ar ray Project (al so known as Buoy Grou~ 
between late 1963 and 1978 is listed . Also 
included is a comprehensive list of scienti fic 
and technical publications written by the Buoy 
Group staff . 
Prepar ed for : ONR under Contract N00014-
76-C- 0197, NR083- 400 and NSF under 
Grant OCE77-19403 . 
SEASONAL PERFO!li1ANCE 
OF A BRINE POND SOLAR HEAT COLLECTOR 
IN NEl-l ENGLAND 
Hill iam S. von Arx 
The pri nciples of a modified Bl och- Tabor 
brine pond solar heat collector and its oper-
ation over the course of a New England winter 
are described . The experimental concrete pond 
was 1 .15 m deep , had a surface area of 20 m2 
and contai ned a 40% solution of calcium chlo -
ride 1 m thick, capped by 15 em lens of fresh 
water . The pond bottom was lined with anthra-
cite coal and the walls insulated with styro -
foam. The two layer system produced a "cat 
eye" effect which enabled the pond to act 
as a whole- sky radiation trap ; the freshwater 
cap served as both an optical and mechanical 
barr ier to heat loss . The pond oper ated at 
24% efficiency in collecting solar radiation . 
The minimum temperature observed in the brine 
layer , at a time when the pond was covered by 
ice , was 24°C and the summer maximum was 58°C . 
Modifications to ful l scale systems, their 
shortcomings and the environmental constraints 
associ a t ed wi th this approach are discussed. 
Prepared for: NOAA, Office of Sea Grant , 
under Grant 04- 7-158-44104 . 
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THE GLOBAL SHI PPING REGIME: 
AN ASIAN FOCUS 
Wayne R. Decker 
The wor ld trades predominantl y by 
ship, yet, because neither economic doc-
trine nor general theories of internat ional 
relations deal adequately with global ser-
vice indus trie s, the maritime reg ime i s 
poorly understood within academic circles. 
We can begin to deal with shipping as a 
facet of internat i ona l r elations and gain a 
bet t er understand i ng of forces molding this 
vital sector by focusing on developments in 
the Far East. While no geographic area can 
be a microcosm of the global maritime 
regime, accommodation of shipping into a 
scholarly framework i s abet t ed through ex-
plorati on of the following As ian sh ipping 
i ss ues : UNCTAD shipping policy, ASEAN 
maritime reg ionali sm, aggress i ve Sov iet 
maritime growth, and U.S. unilateral ship-
ping r egulation . Symb i otic roles played by 
some major sh ipping powers (Chi na, Japan, 
Honq Kong, Taiwan, and South Korea) are also 
central t o this discussion. Ana lys i s of 
change within this regime illustrates t he 
interplay of market f orces and mercantilism 
which so character izes the maritime t rades . 
Based on extensive interviews con-
ducted in London, Singapore, Malaysia, Hong 
Kong and Japan du ring t he sp ring of 1979 , 
thi s r esearch demon strates t hat shipping 
poli cy is often a matter of f orei gn poli cy, 
t hat t he "operators" are often states , but 
t hat some of the "authoriti es " are non-
state actors . Del i neation of authority 
patterns within the reg ime allows the for -
mul ati on of general statements and, hope-
fu l ly , an accurate concepti on of sh ippi ng' s 
relationship to world politics . To the ex-
ten t that the concept ual model i s valid ; i t 
is possible to gauge the prevai ling winds 
within the regime and then t o make spec ifi c 
pol i cy suggestions on the r evis io ns of U.S . 
maritime poli cy and the ro l e of inter-
nat ional maritime organi zati ons. 
Publ i shed in: Proceed ings of the 
Inter nat ional Stuaies As-
sociat ion, March, 1980. 
Supported by: Pew Memor i al Trust; 
NOAA Grant NA79AA-D -000102; and 
the Mari ne Po l i cy and Ocean 
Management Program. 
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THE USEFULNESS OF REVENUE 
BOND PROGRAMS FOR STATE ECONOMIC 
DEVELOPMENT: SOME EVIDENCE FROM 
MASSACHUSETTS 
Margaret E. Dewar 
State and local governments offer a 
var iety of incentives to persuade firms to 
hire unemployed workers, to move i nto a 
jurisdict ion, or to expand i n the stat e or 
municipality if they are already locat ed 
there. Among the most wi de ly used incen-
tives are industrial revenue bonds. The 
bonds are i ntended to attract or retain in-
dustry in order to r educe unemployment and 
spur gr owth and to prevent loss of industry 
to other st ates with programs . Success in 
achieving those depends on the bonos ' ab il -
ity to i nflu ence firms ' location and ex-
pansion decisions . Th i s study sought to 
correct some of the errors in re search ae-
sign of earlier research in oroer to pro-
vide more conc lus ive ev idence on t he re-
sul t s of bond programs . 
A survey of firm s in Massachusetts 
that used industrial revenue bonds showed 
that the bonds f ailed t o influence e ither 
the i ni t ia l decision to expand or move or 
the choice of a region for location. The 
ava ilability of bond financing became im-
portant for a sma ll proportion of firms in 
the cho i ce of a locati on within the reg ion; 
but in all except one case , fi rms were 
choosing among nearby sites within Massa-
chusetts, oft en within the same l abor mar-
ket area or with t he same unemployment 
characteristics. ln onl y one case a man-
ager indicated that hi s firm might have 
gone t o another state if Massachusetts had 
not offer ed bonds. Although the bonds are 
ineffecti ve , state governments are l ikely 
t o cont inue to expand the programs because 
the federal government pays the costs 
t hrough tax exemption of interest on munic-
i pal bonos and because bus iness lobby1ng 
groups favo r the programs. 
In Press : New Engl ana Journa l of 
Bus iness and Economics. 
Supported by : NSF Fel lowship and the 
Bemis Fund of the Laboratory of 
Architecture and Planning, 
Massachusetts Institute of 
Technol ogy. 
OIL POLLUTION FROM TANKERS 
IN THE STRA ITS OF MALACCA: 
A POLICY AND LEGAL ANALYSIS 
Daniel P. Finn , Yuzuru Hanayama, 
M.J. Meimandi -Nejad, Twesukdi 
Piyakarnchana and James N. Reeves 
About a f ifth of the total oil 
t r ansported wor ldwide is brought by tanker 
t hrough the St ra its of Malacca -- a heavily 
traff i cked s t ra it lyi ng between Indo-
nesia, Malacca and Si ngapore t hat narrows 
to 3.2 nautical miles in width i n the vici -
nity of Singapore -- en route from the Gulf 
states of the Middle East to Japan ana oth-
er Far Eastern countries. The l arge volume 
of tanker and other shipp i ng exposes the 
surrounding area t o significant operat ional 
poll ution as wel l as the r i sk of major mar -
i t ime di sasters; several t anker s have al-
ready grounded or collided but so far a 
cat astrophic sp i l l has not occurred . 
In 1971 the governments of t he 
coastal states declared that navigational 
safety i n t he Stra its was their respons i-
bi l i t y; Indones i a and Malaysia went f urther 
and declared t hat t he port ions of the 
Strait s in t hei r territor i al water s had no 
special inter national status. From 1971 to 
1976 t he three governments made various 
proposals to regulate tanker traffic, in-
cluding a proposal by Indonesia to prohibit 
tankers over 200,000 deadweight tons from 
the Straits entirely due to the shallowness 
of the Stra i ts, the navigational con-
stra i nts imposed by their narrowness and 
cr owded traffic , and t he sh i fti ng bottom . 
Strict regu lation of large tanker s i n the 
Straits would force these vesse l s to take a 
longer route and to traverse straits, in-
cludi ng the Straits of Lombok and Makassar, 
within the Indonesian archipelago. 
Fina l ly in 1976 the three govern-
ments proposed the pri nc i ple of "underkeel 
clearance" to regulat e tanker size i n t he 
Straits; an underkee l clearance of 3.5 
meters was to be allowed by vessels at ev-
ery point in their voyage . Special "deep 
water routes" for the exclusive use of 
l arge tankers were also proposed, as was 
the establishment of a "traffic separation 
scheme", or divided sh ipping lanes, for all 
t hro ugh traffjc . This proposal was accept -
ed, after mod i ficat ion, by t he Internati on-
al Maritime Cons ul tative Organization 
(IMCO) in 1978. 
Adoption of the special rules for 
Malacca Stra i ts passage by the tnree coastal 
states upon approval by IMCO represents a 
step forward in avoiding maritime casual-
MP-4 
ties in the Straits by making traffic more 
orderly. Impl ementation of t his sys t em by 
the coasta l States on ly after submission to 
IMCO reveals the successful worki ng of in-
ternational l aw, since few outsiae states 
wou ld have accepted unilateral action by 
the three coastal states to regulate tran-
s i t tanker traffic. The Thira United 
Nations Conference on tne Law of the Sea 
has endorsed th i s pr ocedure for establish-
i ng vesse l lanes and other marit ime regula-
t ions i n i ts Draft Convent i on on the Law of 
the Sea. 
Problems remain , however. Some of 
the rules in the IMCO scheme lack clarity 
and binding force. The unaerkeel cl earance 
concept espec i al ly is problematic, since 
underkeel clearance is impossible to mea-
sure di rectly and i s r espons i ve to tide, 
vessel speed and tr im, and othe r fac t or s . 
The absence of comp lete regu larization of 
traffic in the Straits will continue tore-
qu i re large vessels to take evasive ma-
neuvers in crowded and constrained waters . 
The costs of spi l ls ana routine discharges 
wi l l continue to be borne in large part by 
l ocal interests . It r emains to be seen 
whether these prob lems can be resolved 
th r ough accept ed internat ional procedures , 
to the satisfaction of both outside users 
and the coastal states. 
Supported by: East-West Center; Pew 
Memorial Trust ; NOAA Grant NA79AA-
D-000102; and the Marine Pol icy 
and Ocean Management Program. 
MANAG ING THE OCEAN RESOURCES 
OF THE UNITED STATES: THE ROLE OF THE 
FEDERAL MARINE SANCTUAR IES PROGRAM 
Danie l P. Finn 
Case studies of the performance of 
federa l programs in managing ocean re-
sources subject to United States jurisdic-
t ion reveals that there are signifi cant 
confl icts, overlaps, and gaps in thei r ob-
jectives and i mplementation. On Georges 
Bank, federal agencies disagreed about the 
terms of oil ana gas leasing ana tne need 
to provide special protection for fisheries 
through designation of a marine sanctuary. 
The designation of a marine sanctuary in 
the Santa Barbara Channel by Presiaent 
Carter , on t he other hand, appears to r e-
sult in l ittle regul ato ry improvement and 
not to resolve, through coord inated man-
agement, the complex overlaps of previously 
existing federal and state programs . The 
absence of legal authority over shipwrecks 
and other cultural resources of the outer 
continenta l shelf and the unlikelihood of 
comprehensive management of outer conti-
nental shelf coral and noncommercial reef 
fish through existing programs suggest that 
additional management and regulation may be 
required for these resources. 
The complex conflicts, overlaps, and 
gaps in legal authority offshore have re-
sulted from the historic proliferation of 
partial programs which were adopted incre-
mentally to regulate various activities, 
protect living marine resources, ana manage 
some areas specially. The federal marine 
sanctuary program, adopted in 1972, has the 
potential to bring some order to the ao-
ministration of these programs. Thus far, 
however, the program has been weak ana sub-
ject to pol i tical forces, and has created 
another set of legal and political problems. 
Designation of marine areas for spe-
cial management could, however, serve a 
range of important functions, inc l uding in -
tegrating and reconciling the perspectives 
of different federal agencies and state ana 
local governments; responding to popular 
feelings about marine resources; improving 
management through coordinated study, plan-
ning, research, monitoring, and enforce-
ment; and providing a concrete focus for 
such efforts. In order to carry out these 
functions best, however, the program should 
be administered so as to stress practical 
management over regulatory authority. It 
would appear t hat a coherent program for 
the designation of future sanctuaries 
should be devised and management of exist-
ing sanctuaries improved to determine 
whether designation as a sanctuary offers 
significant advantages. 
Supported by: Pew Memoria l Trust; 
NOAA Grant NA79AA- D-000102; and 
the Marine Policy and Ocean 
Management Program. 
GEORGES BANK: THE LEGAL ISSUES 
Daniel P. Finn 
The political and legal conflict 
over whether and under what conditions part 
of Georges Bank should have been leased for 
oil and gas development have raised impor-
tant questions about the administration of 
several federa l marine programs. The 
courts found that in implementing its oil 
and gas leasing program the Department of 
the Interior had to pay careful attent i on 
to the protection of fisheries ana other 
valuable living resources. Before the 
Georges Bank lease sale was finally held 
after delays brought about through litiga-
tion, the Nationa l Oceanic and Atmospheric 
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Administration (NOAA) began formally to 
consider designating Georges Bank a marine 
sanctuary. NOAA then withdrew its consid-
eration, even though tne agency appeared 
unsatisfied with the terms of the lease 
sale ana designation of a marine sanctuary 
coula have afforded the Georges Bank fish-
eries adoitional protection. The actions 
of the Interior Department ana NOAA ra i se 
questions about how effectively agencies 
with l imited miss ions can manage the full 
range of values offered by marine resources. 
Published in: Oceanus 23(2): 28- 38, 
1980. 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA-D- 000102; and 
the Marine Policy and Ocean 
Management Program. 
INTERAGENCY RELATIONSHIPS IN 
MARINE RESOURCE CONFLICTS: 
SOME LESSONS FROM OCS OIL 
AND GAS LEASING 
Daniel P. Finn 
Federal authority over maritime 
activities ana marine resources has grown 
incrementally, with stepwise assertions of 
JUrisdiction since 1899, when alterations 
oi the seabottoms in navigable waters were 
maae subject to the jurisdiction of the 
U.S. Army Corps of Engineers. Federal juri sdiction offshore has developed as 
maritime activities were perceived to af-
fect marine ana coastal resources; as con-
tinenta l she lf mineral resources became of 
commerc i al interest; ana as threats to 
valuabl e living resources (including 
fisheries, marine mamnals, and endangered 
species) multipl i ed. The federa l programs 
which apply offshore include regulatory 
programs, which primarily govern certain 
maritime activities; resource protection 
programs, which attempt to prov1de an lnte-
grated scheme of management and protection 
for l i ving resources; and comprehensive 
management programs, which aim to establish 
a complete planning ana management process 
for special areas, including state coastal 
zones and specially designated marine sanc-
tuaries . As federal programs were estab-
li shed to deal with marine po l icy issues 
they were located in several agencies scat-
tered through different departments. 
The fragmentation and differentia-
tion of federa l marine programs has led to 
conflict over the f ormulation and imple-
mentation of mar i ne policy. Agencies have 
quarrelled, sometimes publicly, over marine 
resource decisions; those disagreements are 
exemplif ied in the outer continenta l shelf 
(OCS) oil and gas leasing process. Inter-
agency conflicts have assumed legal signi -
ficance because agencies with consultative 
respons ibili t ies have secondary roles under 
statutes, executive di rectives, and judi -
cia l decisions under which their actions 
affect the responsibilities of the primary 
decisionmak i ng agency with regard t o pro-
posed actions. These coordinating mech-
an i sms promise to hel p integrate and 1m-
prove federal mar i ne dec i s i onmak ing but 
they often lead to confusion, conflict, and 
uncertainty, as well as- political maneuver-
ing, in the context of particular actions. 
Such prob l ems would be all eviated by adop-
tion of more regularized procedures to im-
plement these mechanisms incl ud ing utili-
zation of formalized admin istrative pro-
ceed i ngs and joint proceedings; adoption of 
regulations and guidelines by secondary 
agencies to govern the i r actions; and the 
conduct of systematic cooperative r e-
search programs des igned to address the 
effects of antic ipated activities on marine 
living resources . 
Published i n: Harvard Envi r onmental 
Law Rev i ew (4)2: 359- 390, 1980. 
Supported by : Pew Memorial Trust; 
NOAA Grant NA79AA- D-000102; and 
the Marine Policy and Ocean 
Management Program. 
ASSESSMENTS OF USES , ENVIRONMENTAL 
EFFEC TS, AND REGULATORY AUTHORITIES 
FOR THE MANAGEMENI OF GEORGES BANK: 
NON-OIL AND GAS ACTIVITIES 
Danie l P. Finn 
Lease Sale number forty- two on 
Georges Bank has focused attention on human 
activities in the area that coula affect 
its valuable living resources, espec ially 
commerc ial f isher ies . This report examines 
the range of possible non-oil and gas ac-
tivities to assess their probability ana 
extent, the i r impact, ana the need for ad-
ditional regulation. The activities consi -
dered inc lude transportation of oil by sea, 
other vesse l operations, ocean dump i ng , 
sand and gravel mini ng, pi pelines, 
recreat ional activities, and commerc i al 
fishing. This report was designed to 
assist the National Oceanic and Atmospheric 
Administration in determining whether a 
marine sanctuary shoul d be des ignated on 
Georges Bank and, i f so, what activi ti es 
should be regulated. 
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SCIENTISTS ' ATTITUDES TOWARD 
BIG OCEAN SCIENCE 
Peter F. Hooper 
The paper identifies the kinds of 
marine scientists that become i nvo lved i n 
large- scale science projects ana the atti -
tudes of scientists towaro l arge-scale pro-jects i n general and IOOE in particu l ar . 
Three characteri stics - - institutiona l af -
filiation, re lation to the Feoeral funding 
network, and research orientat i on -- best 
distinguish IUOE funding recipients from 
other oceanographers. Nevertheless, only 
22.7 percent of the variation between the 
two groups is explained by the three char-
acter i stics. The modest amount of ex-
plained variation is probably due to the 
fact that most oceanographers do not 
bel i eve large- sca le science is as effective 
as smal l-scale science, nor ao they bel i eve 
it produces resu lts of as high quality. 
Oceanographers are more sanguine about IDOE 
spec ifi cal ly bu t ran k it behind other NSF 
basic science programs, ONR, and HEW-NIH. 
Published in: Oceanus 23{ 1): 
62- 67 ' 1980. 
Supported by:· Pew Memorial Trust; 
NOAA Grant NA79AA- D-000102 ; and 
the Marine Po l icy and Ocean 
Manaqement Proqram. 
WETLANDS REGULATION AND PUBLIC 
PERCEPTIONS IN MASSACHUSETTS 
Thomas M. Leschine 
and St ephen R. Cassella 
This paper reports on the r esu lts of 
a 1979 survey of wetlands property owners 
in two Massachusetts coasta l towns. The 
towns in which the survey was conducted 
were chosen to represent two trends per-
ceived t o be affect ing the present .course 
of shore line deve l opment outs ide of large 
urban areas in the state. Shifting pat-
terns of regional development along the 
Massachusetts coast over the past two de-
cades are reviewed as a prelude to the re-
port on the survey. The extent to whi ch 
the soc ioeconomic characterist i cs of the 
populations interviewed separate into cate-
gories which mirror these general develop-
ment trends is discussed. 
In add i t ion t o socioeconomi c infor-
mation, the survey gathered information on 
the characterist ics of wetlands property 
and its ownership, on property owners' 
perceptions of wetlands and wetlands 
values , and their perceptions of and expe-
rience with wet l ands regulations at the 
state and local level. The state and loca l 
mechanisms which regulate wetlands use and 
development in Massachusetts are described 
as contextual background for the latter 
portions of the survey. The survey results 
themse l ves are presented mostly in descrip-
tive terms. 
Published in: Coastal Zone 80 
Proceedings, Vol. 3: 1789-
1808, 1980. 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA- D-000102; and 
the Marine Policy and Ocean 
Management Program. 
THE HUMAN COSTS OF DEVELOPMENT 
James Russell McGoodwin 
Anticipating the conclusion of the 
Third United Nations Conference on the Law 
of the Sea (UNCLOS III) in 1975, 80 coastal 
nations extended their jurisdictional 
claims over ocean economic resources to 200 
nautical miles from their shores . Most of 
these countries are enthusiastically pro-
moting new marit ime developments, and in 
less developed countries (LDCs) the mood 
seems particularly bullish. Many of these 
nations-- struggling with domestic food 
shortages and scarce capita l for develop-
ment - - look to their fisheries as a source 
of protein- rich foods, and for substantial 
income from exports. However, before the 
LDCs surge ahead with the development of 
their fisheries, they need to consider the 
possible consequences of the strategies 
available to them, benefiting from the past 
experiences of other countries which have 
preceded them in fisheries development. 
Published in: Environment, 22(1): 
25-42, 1980. 
Supported by: Pew Mem01·ial Trust; 
NOAA Grant NA79AA -D-000102; and 
the Marine Policy and Ocean 
Management Program . 
WESTERN EUROPE 
David A. Deese and Linda B. Miller 
The 1973 oil cr1s 1s caught all West-
ern governments unprepared. Yet that em-
bargo was the logical climax of develop-
ments that had been taking place for de-
cades: the gradual substitution of Middle 
East petroleum for domestic coa l , the rise 
of the independent oil companies, and the 
decline of the majors vis - a-vis the oil -
MP - 7 
producing nations. The Europeans paid 
heavily for their l ack of preparedness. 
They found it nearly impossible to develop 
oil substitutes rapidly and to devise con-
tingency plans smoothly. Frantic scrambles 
for bilateral dea l s wi th OPEC revealed 
their pol i tical as well as industrial vul -
nerabi l ity. 
Since that first oil shock, Europe's 
understanding of the energy security threat 
has grown, but its stock of solutions --
especially t hose that would strengthen Eu -
ropean ties wi th the United States and 
Japan -- is no more impressive than it was 
almost ten years ago. Understandab ly, 
most major West European countr ies are now 
groping for answers under time pressures 
that narrow the margin for mistakes. Yet 
the persistent tendency to strive f or gov-
ernment -to-gov~rnment deals may seriously 
damage the Western al liance. 
Published in: Energy and Security, 
David Deese, Joseph Nye, Edi -
t ors, Ballinger Press, Cam-
bridge:l81 -209, 1980. 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA- D-000102; and 
the Marine Policy and Ocean 
Management Program. 
A FOREIGN POLICY FOR AMERICA? 
A REVI EW ESSAY 
Linda B. Miller 
Cr i t i cs of American foreign po l icy 
often talk past each other and the admini -
strat ions they analyze . For many, a cen-
tral concern rema i ns George Washington's 
warning about foreign entanglements . For 
others, who accept the inevitabil i ty of a 
globa l role for the Un i ted States, the main 
problem is the declining value of assets 
like military power as America exper i ences 
economic interdependence and the fragmenta-
t ion of alliances. Rare ly do observers who 
charge that the substance of po l icy is 
f l awed respond directly to those who insist 
that the processes of policy formulat i on 
and implementation are at fault . 
Radical prescriptions - - a call for junking both the content and institutional 
structure of U.S. foreign policy - - find a 
small audience in the post- Vietnam era. 
Too frequently, authors speak to the al-
ready convinced who suspect that there is 
truth in single-track explanations of U.S . 
behavior, whether the culprit be economic 
determinism, national security manias, or 
leaders ' misperceptions. 
The t hree volumes reviewed r eveal 
the range of contemporary wri t ing about 
Amer ican fo r eign policy. As a group, they 
al ert us to: 
l. the hazards of a presidency and bu-
reaucracy cut off from democrat ic con-
straints (Szu l c)~ 
2. the complexity of functional i ssues 
that pit states aga i nst each other in 
troub l ed geographica l r eg ions (Oye , et al); 
3. the dangers of an international sys-
tem in which Amer i ca clings to obso lete no-
tions of hegemony (Hoffmann) . 
Puoli shed in: International Security 
4(3) :1 77-191, Winter 1979-80. 
Supported by: Pew Memorial Trust; 
NOAA Grant NA7gAA-D-000102; and 
t he Ma rine Policy and Ocean 
Management Program. 
MORALI TY IN FOREIGN POLICY : 
A FAI LED CONSENSUS? 
Linda B. Miller 
" I cannot say that I am i n the 
s li ghtes t degree impressed with you r big-
ness , or your mat eria l resources as such. 
Size is not grandeur, and terr i tory does 
not make a nation. The gr eat issue , about 
which hangs a true sub limity and the terror 
of fate, is what are you go i ng to do with 
all these thi ngs? " Seldom have Thomas 
Huxley ' s words seemed more prophetic than 
in this period of unrelieved confus ion i n 
American fore i gn policy. Although it i s 
tempting t o recite the blunders of one or 
another presidential administrat ions , tac -
tical mistakes fade in time . What rema ins 
is the legacy of flawed conceptions that 
mislead allies, adversaries , and public 
opinion and , in so doing, heighten tensions. 
The main purpose of this essay i s to 
put into a larger perspect ive r ecent ef -
forts to elevate moral cons iderations in 
the formulation and execution of U.S . for -
eign policy. Not only have these attempts 
failea, in a predictable fashion, but they 
also have cast doubts on whether any al -
ternative organiz ing principles could com-
mand respect at home or abroad . If the 
United Stat es is now a "normal" state witn 
i nterests to prot ect and restr i ct ed means 
to do so in the nuc lear age , ar e such prin-
c i ples needed? Are thei r sources to be 
found in our history and literature? 
Published in: Daedalus 109(3): 
143- 158, Summer 1980. 
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NEW OIL AND OLD ELITES: 
A CASE STUDY IN THE LIMITATIONS 
OF CHANGE 
Jane Hurwitz Nadel 
Thi s paper ad dresses the i ssue of 
l ocal power i n a multinationaJly dominated 
context -- offshore oi l development. It 
analyzes the ro l e pl ayed by a reg iona l 
elite in east ern Scot land in manag ing the 
sp inoff benefits of North Sea oil develop-
ment to its own advantage. Whi l e some of 
these benef it s do reach the general popu-
lati on, their most strik ing impact can be 
seen in t he entrepreneuria l r esponse of the 
local commercia l e li te. In t hi s par t i cu l ar 
east coast region, local businessmen have 
acted corporate ly to promote the;r own in-
t erests and to keep out competitors. In 
doing so , they have maintained and expanded 
their power doma in withi n both the i r tradi -
tional hinter land and the nat ion. 
Publi shed in: Pr oceedin gs of the 
Nor theastern Anthropologi ca l 
Associat ion, 1980. 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA- D-000102; and 
the Marine Policy and Ocean 
Manaqement Program. 
AL LOCATION OF AQUACULTURE 
RESOURCES 
Susan Peterson 
Thi s paper discusses the allocat ion 
of the methods of aquaculture production 
and the distr ibution of t he resul ting pr o-
ducts. The methods of production include 
knowl edge of aquaculture systems , technol -
og ies developed for aquacu l ture, and the 
methods used to i ntroduce aquaculture to a 
community . Thi s introd uction must include 
awareness of property rights, land tenu re, 
and the labor force . The discuss ion covers 
t he policies of international agencies, na-
tional governments, research inst itu tions 
and universities regarding the allocat i on 
of methods of aqu acul t ure production. 
Aquacu l ture products are distributed in a 
variety of ways , and the character of t he 
benef i ts provided by these products is dis-
cussed: whether the benefits are local, re -
gional , or national; whether they are in 
the form of protein or income; whether they 
are pub l ic or private. 
In Press: Aquaculture Development 
i n Less Developed Countries: 
Social, Economic and Political 
Problems, Leah J. Smith and 
Susan Peterson, Editors, 
Westview Press. 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA- D-000102; and 
the Marine Policy and Ocean 
Manaqement Program. 
FISHERIES RESEARCH VERSUS FISHERIES 
MANAGEMENT RESEARCH: A 
CHALLENGE FOR SOCIAL SCIENTISTS. 
Susan Peterson 
Since the passage of the legislation 
estab lishing a 200-mile economic zone off 
the U.S coast, research by anthropolo-
gists,economists, sociologists and geog-
raphers has been, in part, directeo to-
wares the myriad problems of fishery man -
agement. Because most fishing industry and 
community research is funded through NOAA, 
government research priorities will influ-
ence tne kinds of research done over tne 
next five years. This paper discusses the 
type of data collected under the newly es-
tablished priorities for fisheries manage-
ment vis -a-vis more traoitional anthropo-
logical research on communities or work 
groups. 
In Press: Managing the Fisheries: 
An Anthropological Perspective, 
Peter Fricke, Editor, Institute 
for Coastal and Marine Resources, 
East Carolina University, Green-
ville, North Carolina. 
Support ed by: Pew Memorial Trust; 
NOAA Grant NA79AA-D- Ob0102; and 
the Marine Policy and Ocean 
Management Program. 
SETTLEMENT AND BEACH RESOURCE 
ALLOCATION ON CAPE COD 
Richard L. Price 
The paper analyzes the all ocation of 
beach resources on Cape Cod for use by pri-
vate individuals . The author shows how 
this allocation occurred through a variety 
of settlement strategies which were linked 
to legal mechanisms to maximize property 
values and beach usage rights. Since the 
beaches in Massachusetts may be privately 
owned to the level of mean low water, beach 
rights became critical after 1870 when set-
tlement of the shore began for purposes of 
recreation. Shoreline ownership is discus-
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sed and mapped as it re l ates to settlement 
a long the backshore and upland. The author 
suggests that past settlement schemes on 
Cape Cod may provide clues for future zon-
ing ordinances or other land use controls 
in the all ocat ion of similar resources on 
Cape Cod or elsewhere. 
In Press: Proceedings of the Annual 
Meeting of the New Eng l and-St. 
Lawrence Valley Geographical 
Society, October 10-11, 1980. 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA-D- 000102; and 
the Marine Policy and Ocean 
Manaqement Program. 
TOURISM AS PLAY 
Richard L. Price 
Johan Huizinga's book, Homo Ludens, 
A Study of the Play Element in Cu lture, 1s 
used as the basis for the argument that 
tour i sm is play. Viewing tourism as a form 
of play is us'eful in understand ing the be-
havior of tourists and in furthering our 
knowledge about the role of tourism in the 
modern world . Three broad groups of tour-
ism are identified: resident tourism, 
i tinerant tourism and outdoor recreation. 
Their place with respect to the peculiar 
characteristics of play is suggested. 
Among other things the play concept helps 
explain the often ludicrous (from the Latin 
ludus, meaning game, play or sport) behav-
ior of tourists and the success of enc lave 
tourism as in planned vacation communities 
or clubs. 
Supported by: Pew Memoria l Trust; 
NOAA Grant NA79AA-D- 000102; and 
the Marine Policy and Ocean 
Mana gement Program. 
EXPERIMENTAL STUDIES OF 
COMPETITIVE DISPLACEMENT AND 
PREDATION BETWEEN INTKODUCED 
AND NATIVE MUD SNAILS 
Margaret Seluk Race 
Experimental field and laboratory 
studies indjcate that Cer ithidea cali -
fornica, a nati ve mud snail, is restricted 
to on ly a portion of its normal habitat 
range in San Francisco Bay as a result of 
direct interactions with an introduced eco-
logical equivalent Ilyanassa obsoleta. 
While the native snail typically inhabits 
marsh pans, tidal creeks and mudflats in 
estuaries along the Pacific coast, in San 
Francisco Bay it is confineo to pans for 
most of the year , while the non-native 
snail inhabits the creeks and mudflats. 
Experiments and field monitoring aemon-
strate that this abnormal distribution pat -
tern is caused by 1) interference competi-
tion for space i n the form of an adult-
adult behavioral avoidance by Cer ithidea in 
the presence of invading Ilyanassa, and 2) 
predation by Ilyanassa on the eggs ana JU-
venil es of Cerith idea. The competitive ex-
clusion of Cerith10ea by Ilyanassa has not 
lea to t he ext inction of the native sna i l 
because of the existence of a refuge for 
Cerithidea in pan habitats, beyona the 
physiolog1cal tolerances of llyanassa . As 
a consequence of the seasonal migrations of 
both species and the changes in abiotic 
factors along the habitat gradient, there 
are r epeated compet iti ve displacements ob-
served between these two species rather 
than a one-time competitive exc l us ion . 
Thi s study represents the fi rs t documented 
case of the competitive displacement of an 
endemic marine intertidal species by an in-
troduced ecolog ica l equi valent . 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA-D-000102; and 
the Marine Policy and Ocean 
Management Progr am. 
FIELD ECOLOGY AND NATURAL 
HISTORY OF CERITH IDEA 
CAL IFORN ICA (GAS TR OPODA 
PROSOBRANCHI A) IN SAN 
FRANCISCO BAY 
Margaret Seluk Race 
Fie ld and laboratory data, collected 
over a four-year period, were used t o de-
termine 1) the life cycle, natural hi s tory, 
and physiological tolerances of Cer ithi dea 
californica in San Francisco Bay; 2) annual 
population fluctuations, microhabitat uti-
lizati on, and activity patterns in the 
field; 3) growth rates from mark -recapture 
studies; and 4) similariti es and dissimi-
lariti es between populati ons of C. cali -
fornica in San Franci sco Bay and else-
where . The life history charac teristi cs of 
this native mud snail in San Francisco Bay 
are shown to be similar to other popula-
tions along the Pac ific coast. Some dif-
ferences between bays are found in over-
wintering behavior, habitat util ization and 
adult size. Populations of C. californ ica 
are threatened by at least three factors: 
human habitat destruction, biotic habitat 
alteration, and competitive interacti ons . 
C. californica in San Francisco Bay, 
formerly widespread and common throughout 
the bay, is now restricted to the southern 
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portion of the bay, occurring for most of 
the year i n only marsh pan habitats in the 
vici ni ty of mean higher high water. 
Supported by : Pew Memorial Trust; 
NOAA Grant NA79AA-D -000102 ; and 
the Mari ne Pol icy and Ocean 
Management Program. 
THE NATURE AND RELEVANCE OF 
SCIE NTIFIC INFORMATION FOR MARINE 
FISHERI ES MANAGEME NT UNDER THE 
FCMA : A NEW ENGLAND PERSPECTI VE 
Guy Marchesseault and Alison Rieser 
An essential component in any marine 
fishery management program developed under 
the Fishery Conservati on and Management Act 
of 1976 (FCMA) i s the determi nation of Op-
timum Yie ld (OY) . As defined in the stat-
ute, OY mus t be based upon the best sci-
entific information ava ilable rel ating to 
the expected maximum, long- term average 
producti vity of the fishery resource, and 
further modif ied by re levant biological , 
economic , and social considerat ions . 
Within the complex context of New England's 
and many of the nat ion's other commerc i al 
and recreat ional marine f i sheries , the pro-
cess of ident ifying , evaluating, and inte-
grati ng crit ical biological , economic , and 
social parameters and criteria into a dec i-
sionmaking framework places heavy demanas 
on both scientific information and analyt-
ical t echniques . 
Decisions which mus t be made in the 
fishery management plan (FMP) process , i n-
cluding those lead i ng to the specificat ion 
of Optimum Yield, can be viewed as a se-
quence. The nature and avai l abi lity of 
scientific information and analytical tech -
niques affect each s tep i n this sequence of 
decisions, which i nc l udes 1) definition of 
the species ana stocks to be manaqed (the 
"management uni t" ) , 2) i dent if icat ion ot 
the management goals and obJeCtives (in-
cluding time-f rames ) , and 3) evaluat ion and 
selection of appropr iat e management strate-
gies. Experience i n the aeve lopment of 
FMPs for New Eng land's groundfish , sea 
scallop, and Atlantic herring fisher ies 
demonstrates the usefulness and l imitations 
of sci ent if ic inputs to the decisionmaKing 
process, i n view of t he li mi ted technica l 
backgrounds of t he decis i onmakers . Thi s 
i ncludes t he t reatment of uncertainty in 
these sc ient ific inputs and the prob lems 
created by both the absence of scientif i c 
data and the complexity of certain ana lyt i-
cal techn iques . 
Supported by : Pew Memorial Trust; 
NOAA Grant NA79AA- D-000102; and 
the Marine Poli cy and Ocean 
Management Program. 
FUTURE OF U.S . OCEANOGRAPHY 
David A. Ross 
In spite of the risk of trying to 
pred ict the future, several areas of marine 
research appear particularly promising for 
research opportunities . These incluae: 
increasing the yield of animal protein from 
the ocean; energy from the ocean; mineral 
resources; pollution; climate ; ana the role 
of the oceans both as a sink and as a 
source of elements. Perhaps even more im-
portant than the general topi cs is that 
several key factors may override and per-
haps control the directions of marine 
scientific research in the coming decade. 
These include : 
l. Law of the Sea restrictions, 
implications and opportunities; 
2. Ro le of marine science in U.S . 
foreign pol icy; 
3. U.S. budgetary changes and 
inf lat ion; 
4. Development of large-scale 
programs; 
5. Increased emphasis on appl ied 
programs , espec i ally in the 
coasta l zone . 
Both the potential areas of marine 
research and some of the key factors may 
offer increased opportuniti es and encour-
agement for cooperative work with develop-
ing countries in marine science. 
In Press: A Report-to the Marine 
Technic~] Assistance Group of 
the Ocean Policy Committee, 
National Academy of Sc ienc es . 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA-D-000102; and 
the Marine Policy and Ocean 
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COMMUNITY WEALTH CONCENTRATION: 
COMPAR ISONS IN GENERAL 
EVOLUTION AND DEVELOPMENT 
Courtland L. Smith 
An expanding literature points to 
increased inequality with economic develop-
ment. Studies of income and wealth distri-
butions show that communities are much less 
egal itarian after development than before. 
Benefits are concentrated among a few, 
while the majority are at leas t relatively, 
if not absolutely, worse off after economic 
development. Chenery of the World Bank 
states, "It is now c lear t hat more than a 
decade of rapid growth in underdeveloped 
countri es has been of little or no benefit 
to perhaps a third of their population ." 
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For most human history , communities 
have been egalitarian . Egalitarian com-
munities characterize primitive and tribal 
societi es in which wealth does not show 
concentration and for which social classes 
do not exist. While all societies have in-
equal i ties, in egalitarian communities 
"high statuses do not confer great pr iv i-
1 ege or wealth." 
The nature and extent of equality in 
egalitarian communities has not been evalu-
ated quanti tative ly, nor has the amount of 
change due to economic development been 
measured. Usually comparisons are made 
based on average differences . Clearly, av-
erage material wealth of primitive commun i-
ties is less than that of developed com-
mun ities. But averages tell nothing about 
wealth distribution within a group . Change 
in concentrat ion of wealth i n genera l evo-
lution and economic development are ques -
tions which requ ire knowing how the shape 
of distributions changes . 
Publ i shed in: Economic Development 
and Cu ltura l Change 28(4) :801 -
818, 1980. 
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AQUACULTURE DEVELOPMENT IN 
LESS DEVELOPED COUNTRI ES : SOCIAL , 
ECONOMIC AND POL ITICAL 
PROBLEMS 
Edited by Leah J. Smith 
and Susan Peterson 
Aquaculture is introduced for a wide 
range of purposes in different parts of the 
world: t o produce higher incomes, to pro-
vide pro tein , to supplement existing agri -
culture or fishing activities. The process 
of introducing a new economic activ ity into 
a community often has results other than 
those intended : there may be no profits; 
profits may be absorbed by owners or manag-
ers who are not part of the community; the 
product may be sold in distant markets ; 
competition for labor and space may harm 
ex isting activities . Planning for aquacul -
ture development demands knowledge of the 
natural and soc ial systems in the immediate 
vicinity of the project and consideration 
of the crops' distribution . 
The papers in this volume present 
some perspectives on experience and poten-
tial approaches to aquaculture devel opment 
problems in Latin America and Africa . As ia 
has been omitted because the traditional 
strength of aquaculture in that region has 
mitigated the socia l and economic problems 
found when aquaculture is introduced as a 
new activity. As specific examples of 
social , economic and political constraints 
on aquaculture development, various 
articles explore the acceptability of 
aquaculture products for consumpt ion; 
all ocation of the technology , income and 
product; contrasts between fishing and 
aquaculture activities; appropriate organi -
zation of aquaculture enterprises . Other 
articles examine experience with aquacu l-
ture planning and projects in Costa Rica, 
Mexico, Sierra Leone, Botswana, Israel, and 
Egypt. The authors ' perspectives are 
shaped by their backgrounds in social sc i-
ences , natural sciences, extension work and 
government administrat ion. 
Aquaculture is not the panacea for 
the world ' s food problems, but it has the 
potential to make important contributions 
to diet and incomes i n some areas. An un -
derstanding of the factors which contribute 
to success or failure of aquaculture pro-
jects in the deve loping world will improve 
plann i ng fo r further development of aqua-
culture. 
In Press: Westview Press . 
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HABITAT PROTECTION AND 
RESOURCE EXPLOITATION ON 
GEORGES BANK 
Judith Spiller 
Litiqation (Conservation Law Founda-
tion v. Andrus, 13 ERC 1965) to block the 
sal e of oil and gas rights on Georges Bank 
arose from concern over the potential ef -
fects of hydrocarbon activities on the 
valuable fishery resources of Georges 
Bank. A settlement agreement , s igned De-
cember 22, 1980, ended the three-year dis -
pute over the legality of the lease sale 
he ld in December of 1979 , and it highlights 
some of the aifficulties in reconciling the 
exploitation of resources the distribution 
of which over laps. The agreement requires, 
among other things, that the National 
Oceanic and Atmospheri c Administrat ion re-
consider the nomination of Georges Bank as 
a marine sanctuary and that the Department 
of Interior criti ca lly evaluate any re-
commendat ions for studies developed by the 
Biolog ical Task Force (BTF) on Georges 
Bank. The settlement also specifies that 
state ana conservation interests have 
access to proposed government-funaed 
MP- 12 
studies on Georges Bank and subsequent 
results prior to the ir issuance as final 
reports. Thus, the litigants 
(Massachusetts and the Conservat i on Law 
Foundation) and other concerned parties 
have several avenues (BTF, potentially a 
marine sanctuary and review of stud ies) 
avai l able for evaluating data on the ef -
fects of operations on fisheries and for 
recommending changes in operat ions if ad-
verse effects are observed. Thi s conclu-
sion, however, assumes that (1) the ef -
fects, inc luding pathways and rates of pol -
lutants , of hydrocarbon activities on 
mar ine organisms are known and so can be 
detected on Georges Bank , and (2) that 
there is sufficient information on tne dis-
tribution of t he l ife stages of important 
species on the Bank to implement regula-
tions to protect them based on results de-
r i ved from (1). 
In Press : Coastal Zone 80, Vol. 4. 
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THE ROLE OF SCIENCE IN THE 
RE GULATION OF OIL AND GAS 
ACTIVITIES AT THE EAST AND 
WE ST FLOWER GARDEN BANKS, 
GULF OF MEXICO 
Judith Spiller and Alison Riese r 
The need to exp loit domestic hydro-
carbon reserves and the desire to protect 
unique marine env ironments require agree-
ment on the methods of assessing potential 
harm to the environment from oil and gas 
operations and on the ways to minimize 
those effects once identified. The Fl ower 
Garden Banks coral reefs in tne Gulf of 
Mexico provide an example of an area where 
federal agencies agree tnat a sensitive 
marine environment canoe damaged by oil 
and gas activities but disagree on the ex-
tent of potent ial harm and on the methoas 
to reduce it. The disagreement arises be-
cause each of tne federal agencies re-
sponsible for regulating various aspects of 
exploratory oil and gas activities has r e-
lied on its own body of scientific re-
search . Because the results of tnat 
research conf l ict and because the authori -
ties of the agencies overlap, their 
resulting regulations conf li ct. 
WHO I Co ntributi on No . 4778. 
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OBSERVATIONS ON THE HISTOKIC SI TES 
AND ARCHAEOLOGY OF BARBUDA 
David Watters 
Barbuda during the historic period 
never fully developed a plantation system 
like those seen elsewhere in the Caribbean, 
largely because edaphic and climatic limi-
tations rendered the island unsuitable for 
commercially i mportant crops such as sugar 
or tobacco . Consequently , extant historic 
period structures, notably those associated 
with the almost two-hundred year Codr i ngton 
leasehold which ended in 1870, diffe r from 
those observed elsewhere in the region . 
Observations on architectural detai l s, 
physical layouts, surface and subsurface 
artifac t s, and the current conditions of 
structures result from archaeological in-
vestigations undertaken i n 1978- 197~ at ten 
sites. Comments extracted from the 
Codrington manuscripts and visitors' ac-
counts provide additional information about 
these s ites and several others . The set-
tlement pattern and many economic enaeavors 
of the historic perioa are s imilar to those 
observed today. Barbuda ' s historical ar-
chaeology is important because it has the 
potential to identify aspects of human be-
havior in a society which was atypical of 
most in the Antilles . 
In Press : Journal of Archaeo logy 
and Anthropology of the Walter 
Roth Museum . 
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GLOBAL USE AND REGULATION 
OF SPACE ACTIVITIES UNDER 
THE COMMON HERITAGE PRINC IPLE 
Per M. Wijkman and Clas G. wihloorg 
Like the deep seabed, the r esources 
of outer space have been aeclarea a common 
heritage of manKind . Drawing on the re-
source r egimes proposed by the Third United 
Nations Conference on the Law of the ~ea , 
this paper considers how best to regulate 
outer space resources . The paper prov1aes 
an operationa l i nter pretat i on of tne c~rnnon 
heritage principle; considers the appro-
priateness of centralized management r e-
gimes (seabea mining) and aecentralizea 
management regimes (fisheries) for space 
resources, and conc luaes that external 
economies ana valuation problems make na-
tional ownership ana regulation of space 
resources inefficient and arbitrary . It 
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proposes instead creating an international 
condominium in which nation states have 
clearly defined ownership rights entit ling 
them to a share of the profits generated by 
auctioning rights to use space resources to 
the highest bidder . 
In Press: Proceedings of a Symposium 
by the Institute of Air ana 
Space Law, McGill Univers ity, 
October 16-17, 1980; WHOI Con-
tribution No . 4792 . 
Supported by : Pew Memorial Trust; 
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MANAGING THE GLOBAL COMMONS 
Per M. Wijkman 
This paper considers whetner inter-
nationally shared resources should be sub-
divided and property ana management rights 
to parts of the resource distributed among 
nation states . When property rights cannot 
be enforced economically, the size and 
value of the·resource is unknown , and its 
exploitat i on i nvo lves external economies, 
subdivision leads to inefficient explo ita-
tion and to an arbitrary division of bene-
fits . Public regulation of such common 
property resources i s necessary , and this 
requires intergovernmental cooperation . 
This paper proposes an international or-
gan izati on for managing exploitation of 
common property resources that is both ef-
fic ient and equitable and eva luates 
current proposals for managing inter-
nationally shared resources against th i s 
background . 
Supported by: Pew Memorial Trust ; 
NOAA Grant NA79AA-D-000102 ; and 
the Marine Pol icy and Ocean 
Management Proqram . 
THE LAW OF THE SEA 
AND THE DISTRIBUTION OF OCEAN WEALTH 
Per M. Wij kman 
The prov1s1ons of the current text 
(ICNT/Rev. 2) of the Thi r d United Nations 
Conference on the Law of the Sea will af-
fect the generation and the distribution of 
income from ocean resources . This paper 
consiaers how these provis ions will affect 
the efficiency with which fi sh ing grounds , 
manganese nodule f i elds and offshore hydro-
carbon deposits are expl oited , ana the dis-
tribution of incomes between nation states. 
Supported by : Pew Memorial Trust ; 
NOAA Grant NA79AA-D-000102; and 
the Marine Policy and Ocean 
Manaqeme nt Program. 
A MODEL OF ADAPTIVE BEHAVIOR 
IN THE NEW ENGLAND GRQUNDFISH 
INDUSTRY 
James Wil son and James Acheson 
The mode l present s a theoretical 
synthesis of the ' adaptive ' behaviora l 
theory of anthropology and the maximizing 
theor ies of microeconomics. The predi c-
tions of the model are compared against 
aata from the New England fisheries. The 
substance of the model is as follows: eco-
nomic theory characterizes successful com-
pet it ive behavior in terms of the choice of 
efficient (cost minim1zing ) methods of pro-
duct ion of a given commodity in a perfectly 
known environment. The ad apt i ve mode l pro-
ceeds f r om the alternat ive (anthropology 
derived) notion that the fundamental prob-
lem of competitive success i s the ques ti on 
of wh at to produce or do when confronted 
with a compl ex , changing and imperfectly 
known env i ronment. In order to exp lore 
this notion the model i s div i ded into two 
basic parts: a short period model descr i b-
ing the i ns tantaneous re l at ions hi ps of all 
actors in the economy to each other (ma the-
matically s imilar to a di sequ i li br ium model 
of ecosystems); and a long period model 
desc ribing the object i ve and constraints 
govern i ng aaapt ive or evolutionary 
behav ior. The model basically conc ludes 
that compet itive s uccess is pri marily a 
functi on of the eff ic ient acqui s i tion or 
parti cular isti c, advantage conferr i ng 
Knowledge. 
-
A Report t o the National Sc ience 
Foundat ion . 
Supported by: Pew Memorial Trust; 
NOAA Grant NA79AA-D-000102; and 
the Marine Policy and Ocean 
Management Program. 
MP-14 
AN INPUT-OUTPUT ANALYSIS 
OF MAINE ' S FISHERIES 
Hugh Bri ggs , Ralph Townsend 
and James \~i l son 
An input-output model of Maine's 
economy was modified to include nine f i sh-
er ies sectors. Thi s modi f ied input-output 
model was then used to est imate the in -
creases in income i nduceo per dollar of 
sales f or each fisher ies sector. tiased on 
these f i gu res , it was estimated that 
Ma i ne 's 1979 landings of $80 mi lli on ulti -
mately generated $210 million in income in 
Maine . 
Support ed by: Pew Memoria l Trust; 
NOAA Grant NA79AA-D-000102 ; and 
the Marine Pol i cy and Ocean 
Management Program. 
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GRADUATE STUDENTS 
Abstracts of papers and theses submitted in 1980 by qraduate students of 
the Woods Hole Oceanographic Inst ituti on Ooctora l Degree Program and the Woods 
Hole Oceanographi c Institution/Massachusetts Institute of Technology Joint 
Program in Oceanoqraphy/Oceanographic Enqi neeri nq. Other papers authored or 
coauthored by graduate students are inc luded in the departmental sect i ons . 
Students are i ndi cat ed by an asteri sk in the Author Index . 
GENETIC VARIABILITY AND DIFFERENTIATION 
IN NICHE COMPONENTS 
OF MARINE PHYTOPLANKTON SPECIES 
Larry E. Brand 
The acclimated asexual reproduction 
rates of many clones of Emiliania huxleyi 
(82), Gephyrocapsa oceanica (19), Cyclococ-
colithlna leptopora (31), Prorocentrum 
micans (28), Dissodinium lunula (22), Thor-
acosphaera heimi (20), and Gonyaulax tamar-
ensis (83) were measured in several light 
and temperature regimes. The data were 
used to determine the amount of genetic 
variability and the spatial patterns of ge-
net ic differentiation in these species. 
None of the species examined exist 
purely as clones in nature. Statistically 
significant genetic variability is fou nd 
even among clones isolated from single wa-
ter bottles. The amount of genetic varia-
bility in asexual reproduction rates in in-
dividual phytoplankton populations ranged 
from 3 to 13% (coefficients of variation). 
There is no obvious relationship between 
the amounts of genetic variability in the 
populations and the variability or pre-
dictability of the environments from which 
they were collected. 
No genetic differentiation was found 
within the Sargasso Sea in any of the 
oceanic species, but strong genetic dif-
ferentiation was found between oceanic and 
neritic populations of the two species (E. 
huxleyi and~· oceanica) found on both --
sides of the Gulf Stream . The spatial pat-
tern s of genetic differentiation appear to 
be different in these two species, how-
ever. Genetic differentiation was found 
between populations from the Sargasso Sea 
and the slope water off New England in G. 
oceanica. In E. huxleyi, the Sargasso Sea 
and slope water populations were similar, 
but different from the Gulf of Maine popu-
lations. 
Of the three species for which popula-
ti ons were collected at different times of 
the year (I. huxleyi, f. leptopora, and I· 
heimi), there is ev idence of significant 
seasonal genetic changes in only one (C. 
leptopora). -
Supported by: NSF Grants OCE77-10876, 
OCE78-08858, and OCE79-03621; NSF 
Graduate Fellowship; NSF National 
Needs Traineeship; and the MIT/WHO I 
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SEASONAL VARIABILITY 
IN THE INTERMEDIATE WATERS OF THE 
EASTERN NORTH ATLANTIC 
Nancy A. Bray 
Observational evidence of seasonal 
variability bel01~ the main thermocline in 
the eastern North Atlantic is described, 
and a theoretical model of oceanic response 
to seasonally varying windstress forcing is 
constructed to assist in the interpretation 
of the observations. The observations are 
historical conductivity-temperature-depth 
data from the Bay of Biscay region (2o to 
2oow, 420 t o 520N), a series of ele-
ven cruises over the three years 1972 
through 1974, spaced approximately three 
month s apart. The analysis of the obser-
vations utilizes a new technique for iden-
tifying the adiabatically leveled density 
field corresponding to the observed density 
field . The distribution of salinity anomaly 
along the leveled surfaces is examined, as 
are the vertical displacements of observed 
density surfaces from the leveled reference 
surfaces, and the available potential ener-
gy. Seasonal variations in salinity anom-
aly and vertical displacement occur as 
westward propagating di sturbances with zo-
nal wavelength 390 (~50) km, phase 71 
(~30) days from 1 January, and maximum 
amplitudes of ~30 ppm and ~0 db re-
spectively. The leveled density field va-
ries seasonally with an amplitude corres-
ponding to a thermocline displacement of 
~15 db. 
The observations are consistent with 
the predictions of a model in whi ch an 
ocean of variabl e stratification with a 
surface mixed layer and an eastern boundary 
is forced by seasonal changes in a sinu-
soidal windstress pattern, when windstress 
parameters calculated from the observations 
of Bunker and Worthington (1976) are ap-
plied. 
Supported by: ONR Contract N00014- 76-
C-1 97 NR083 -400. 
A STUDY OF MIDDLE GROUND SHOAL 
(41028'N, 70041'W): SAND-WAVE 
-,vlfGR.IITTONS AND I AE LOCAL 
MEAN-VELOCITY riELD 
Scott R. Briggs 
Attempts by workers to quantify sedi -
ment transport in t he coastal zone have had 
limited success. Point measurements of se-
diment flux have proven difficult to relate 
to an understanding of the general 
processes and magnitudes of transport char-
acteristic of larger areas. In this study 
an area typified by significant sediment 
transport, but also by the presence of se-
diMentary bed forms whose morphological re-
sponse to flow could be measured, has been 
monitor~d. Patterns and magnitudes of 
sand-wave migration on Middle Ground Shoal, 
Vineyard Sound, Massachusetts, have been do-
cumented and used in the construction of a 
quantitative budget of sediment transport . 
Sand waves migrate in the direction of 
the net tidal drift, but the position of 
each wave flexes, individual portions of a 
wave showing forward, backward, or zero net 
displacement. Average sand-wave migrations 
range up to 30 m/yr. 
The sediment flux associated with dif-
ferent scales of bed forms simultaneously 
present on this shoal has been considered, 
showing that the relative importance of 
suspended-load and bed-load transport 
varies signif icantly between bed-form types. 
Mode ls for minimum estimates of the se-
diment flux associated with bed-form migra-
tions in unidirectional flow have been ap-
plied to measurements of sand waves res-
ponding to reversing tidal f l ows. The ap-
parent agreement of these data with the 
predi cted migration trends has been used to 
quantify the net sediment f lux assoc i ated 
with sand-wave migration. 
Patterns of sand-wave flexing have been 
observed whi ch have importan t implications 
for processes of sediment transport, these 
patterns suggesting the ex i stence of secon-
dary floi'IS which lead to transport in di-
rections usually not considered when look-
ing at the crest lines of transverse bed 
forms . The mean flow over a sand wave has 
been studied, and the presence of secondary 
flows in the trough have been documented . 
The large values of bed roughness predicted 
from the analysis of ve l ocity profiles have 
been shown to be consistent with theories 
which incl ude the affects of bed-load 
transport in the characterizat ion of bed 
roughness . 
Fi nally , theories for the prediction of 
equilibrium bed-form height have been used 
to ill ustrate the probl ems inherent in 
characteri zing net sediment f luxes through 
an area in the coastal zone based only on 
measurements of bed-form migrations. 
Supported by: ONR Contract N00014-
78-C-0095; and the MIT/WHO! 
Joint Program . 
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APPLICATIONS OF TIME SERIES 
ANALYSIS TO GEOPHYSICAL DATA 
Alan D. Chave 
Thi s thesis consists of three papers 
applying the techniques of time series an-
alysis to geophysical data. Su rface wave 
dispersion along the Walvis Ridge, South 
Atlantic Ocean, is obtained by bandpass 
filtering the recorded seismogram in the 
frequency domain. The group velocity is a-
nomalously low in the period range of 
15-50 s, .and fonnal inversion of the data 
indicates both crustal thickening to 
12.5 km and 101~ shear velocity (4.25-4.35 
km/s) to depths of 40-50 km. The electro-
magnetic induction field s at a deep ocean 
site northeast of Hawaii were used to de-
tennine the electrical conductivity of the 
earth to 400 km depth. Singular value de-
composition of the data matrix indicates 
three degrees of freedom, suggesting source 
field complications and a two dimensional 
conductive structure . Inversion of one of 
the principal terms in the response func-
tion shows an abrupt rise in electrical 
conductivity to 0.05 mho/m near 160 km with 
no resolvable decrease below this. A model 
study suggests that moving source fields 
influence the induction appreciably in the 
other principal response function. A se t 
of piston cores from the northeast Atlantic 
Ocean are used to construct paleomagnetic 
time seri es covering the interval 
25-127 kybp. Strat igraph i c control is pro-
vided by counts of planktonic formamini-
fera, and empirical orthogonal function an-
alysis shows a significant decrease in se-
dimentation rate at t he interglacial/gla-
cial transition. The sediments are mag-
netically stable and reliable relative pa-
l eoi ntensi ty measurements could be ob-
tained. Spectral analysis of the direc-
tions reveals a predominant 10 ky periodi-
city and no dominant looping direction. 
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SNAIL GRAZING EFFECTS ON THE 
COMPOSITION AND METABOLISM OF BENTHIC 
DIATOM COMMUNITIES AND SUBSEQUENT 
EFFECTS ON FISH GRO~TH 
Michae l S. Connor 
GS-5 
Eastern mud snails (Ilyanassa obsoleta) 
in densities of zero , six or twelve snai ls 
were placed in f low-through laboratory mi-
crocosms (765 cm2) and incubated for five 
weeks. Other tanks were raked daily to a 
depth of 10 mm. Grazing by lo1·1 densities 
of snails signifi cantly increased chloro-
phyll standing stock, respiration and gross 
photosynthesis as measured by light and 
dark exchange of oxygen and carbon dioxide 
compared to untreated tanks. The standing 
stocks of algal pigments, respiration and 
photosynthesis were depressed in the micro-
cosms which received the 12-snail or the 
raking treatments. Simulating snail excre-
tion by fertilization with ammonium in-
creased chlorophyll standing stock by a 
similar magnitude, but this effect could be 
inhibited by taking the sediments daily. 
At low densities Ilyanassa's accelerati on 
of nutrient cycl ing stimulates algal 
growth , but this effect is overwhelmed at 
higher densiti es by overgrazing and stir-
ring inhibition. 
The dominant benthic algal yroup in the 
containers were pennate diatoms. Grazed 
containers contained a l arger percentage of 
the non-motile classes of diatoms, as com-
pared to the motile forms which predomin-
ated i n the untreat ed microcosms. The 
snails are abl e to selectively graze these 
mobile species. Their gut contents are en-
riched in carbon, nitrogen and algal pig-
ment content by 20-40 times over the sur-
face sediments . 
A small, non-significant, growth effect 
can be seen in the snail s' re sponse to d~ n­
sity changes, but another marsh consumer, 
Fundulus heteroclitus, grows faster at low 
snail densiti es when snails are absent. 
Supported by: The MIT /WHOI Joint 
Proqram; The Pew Memoria l Tru st 
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STRUCTURE AND DYNAMICS OF THE BENTHIC 
BOUNDARY LAYER AB OVE IRE HAl tERAS 
ABYSSAL PLAIN 
Eric A. D 'Asaro 
The structure of the near-bottom velo-
city and density fields was observed for 3 
months with a fi xed velocity/temperature 
measuring array on the Hatteras Abyssal 
Plain. The velocity s ignal was examined 
for structure coherent with the observed 
mixed layers. Velocity fluctuations above 
1 cph increase in energy near the bottom, 
especially within bottom mixed layers. The 
frequency and amplitude of these fluctua-
tions is consistent with the expected pro-
perties of bottom generated shear turbu-
l ence . The bottom turbulence is modulated 
on tidal and inerti al time scales and ex-
tends intermittently throughout the bottom 
mi xed layer. The clockwi se near inertial 
velocity fluctuations also sh01~ structure 
coherent with the observed mixed layers. 
Assuming these fluctuations to be due to 
internal waves , a diag nostic model of the 
interaction between the t urbulent boundary 
layer and the waves is developed. The 
clockwise near inertial energy is seen to 
decrease within bottom mixed layers; this 
is interpreted as due to turbulent stresses 
which fill the mixed layer. The near bot-
tom phase leads the interior; this is in-
terpreted as indicating absorption of near 
inertial internal wave energy by the boun-
dary layer. The total en~rgy absorption 
from the near inertial waves is est imated 
to be .007 - . 025 ergs/cm2fs . Thi s is 
far l ess than the net downward interna l 
wave energy flux cal culated by Leaman 
(1976) in the same area and suggests that 
the benthic boundary l ayer on a smooth bot-
tom is not a signifi cant sink of internal 
wave energy. The near inertial anti cl ock-
wi se velocity fluctuation s shOI'I far l ess 
coherence with the mixed layer structure; 
superinertial velocities with frequency 
l ess than 1 cph, show no measurable co-
herence with the mi xed layer structure. A 
simple s lab model with a linearized quadra-
tic drag law qualitatively explains the ob-
served energy absorption and clockwise ve-
locity behavior. Both the turbulent f luc-
tuations and the turbulent stress-induced 
near inertial response extends si gnificant-
ly above the estimated turbulent Ekman lay-
er height .4u*/f. 
Supported by : ONR Contract N00014-76-C-
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ANTHROPOGENIC INFLUENCE ON THE 
SED IMENTARY REGIME OF AN ORBAN ESTUARY-
BOSTON HARBOR 
Mi chael G. Fitzgerald 
Boston Harbor (and its approaches) i s a 
gl ac ially carved, tida lly dominated estuary 
in western Massachusetts Bay. Charac-
terized by l ow river discharge and s ignifi-
cant human impact, the harbor is typical of 
many bays and estuaries along the l~ew En-
gland coast. 
The sands and gravels that floor Massa-
chusetts Bay and the harbor approaches are 
relict glacial sediments, but in areas of 
fine-grained sediments, Holocene sedimen-
tation rates have averaged 0.015 em/yr. In 
the harbor itself, modern organic-rich se-
diments are accumulating in several depo-
centers at an estimated rate of 0 . 2-0.3 
em/yr. The high organic matter content 
(greater than 10 ~ of these modern sedi-
ments is attributed in part to anthropo-
genic wastes. Decomposition of this or-
ganic material and subsequent production of 
methane gas render the sediment impenetra-
ble to acoustic energy, faci l itating the 
mapping of these modern deposits. 
Wastes rich in trace metals are dis-
charged into the harbor from the sewage 
treatment facility at Dee·r Is l and and from 
numerous point sources in the Inner Har-
bor. Organo-metallic compl exes and iron 
oxide coating on suspended particles and 
bottom sediment appear important i n the 
transport and retent i on of these metals. 
Calculat ions suggest that at least 33 % of 
the metal discharged into the outer harbor 
is retained. Trace metal profiles in the 
bottom sediments reflect the increasing use 
and discharge of these metals during the 
past 100 years. Large variations in seve-
ral cores may be related to circul ation 
changes accompanying the closing of Shirley 
Gut in 1936. 
In the water column, silt and clay 
sized mineral grains are suspended together 
in organically bound agglomerates. The or-
ganic film binding these parti cl es is a 
by- product of biological activity and aids 
in the deposit i on of particulates and pol-
lutants. 
Tidal activity and differentia l set-
t l ing apparently fractionate sil t and cl ay 
agglomerates forming a very th i n, soupy 
layer of organic, clay-rich material at the 
sedi ment -wat er i nter f ace t hat ca rpet s 
port i ons of the study area. This layer 
seems to form a transition between the more 
silty and less mobile subsurface sediments 
and the suspensates of the turbid water 
column. 
The redistribution of natural sediments 
(resuspension/ advection) is a key deposi-
tional process, accounting for as much as 
70-80 % of the material deposited in the 
harbor. Harbor circul ation indicates that 
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Massachusetts Bay may be an important 
source for this material. Human activity 
may enhance the abi l ity of the harbor to 
retain this redistributed material by stim-
ulating biological production (organic 
film) and supplying lipid-rich organic ma-
terial through waste disposal. 
Boston Harbor is an efficient sediment 
trap. Long f l ushing times and landward 
bottom dri ft ai d i n the retention of f i ne-
grai ned wastes, whose impact on the biol o-
gical and chemical envi ronment of the har-
bor can be severe. Other estuaries along 
the coast of New England may operate in si -
mi l ar ways with respect to waste dispersal. 
Su pported by: NOAA , Offi ce of Sea Grant, 
Grants 04-7-158-44104, 04-8- MOl-1 49 , 
and NA79AA-D-00102; NSF Fell owshi p; 
and the MIT/ WHOI J oint Pr og r am . 
OBSERVATIONS AND MODELS OF INERTIAL 
WAVES IN THE DEEP OCEAN 
Lee-Lueng Fu 
The structure of i nertial peak in deep 
ocean kinetic energy spectra is stud ied 
here. Records were obtained from Po lymode 
arrays deployed in the Western North At l an-
tic Ocean (400W to 700W, 150N to 
420N) . The results are interpreted both 
in terms of l ocal sources and of turning 
point effects on internal waves generated 
at lower latitudes. 
In most of the data, there is a promi-
nent inertial peak sl ightly above f ; how-
ever, the peak height above the background 
continuum varies with depth and geographi -
cal environment. Three classes of environ-
ment and their corresponding spectra emerge 
from peak height variations: class 1 is the 
1500 m l evel near the Mid- Atlantic Ridge, 
with the greatest peak height of 18 db; 
class 2 i ncl udes (a) the upper ocean (depth 
less than 2000 m), (b) t he deep ocean 
(depth greater than 200m) over rough topo-
graphy, and (c) the deep ocean underneath 
the Gulf Stream, with intermediate peak 
height of 11 . 5 db; class 3 is the deep 
ocean over smooth topography, with the 
lowest peak height of 7. 5 db. Near f, the 
horizontal coherence sca le is 0(60 km) at 
depths from 200 m to 600 m, and the 
vertical coherence scale is 0(200 m) just 
below the main thermocline. 
A one turning point model is developed 
to describe inertial waves at mid-lati-
tudes, based on the assumpti on that iner-
tial waves are randomly generated at lower 
latitudes (global generation) where their 
frequency-wavenumber spectrum is given by 
the model of Garrett and Munk (1972 a, 
1975). Us ing the globally valid wave func-
tions obtained by ~lunk and Phillips (1968), 
various frequency spectra near f are cal-
culated numerically. The mode l yields a 
prominent inertial peak of 7 db in the 
horizontal velocity spectrum but no peaks 
in the temperature spectrum. The model is 
latitudinally dependent: the frequency 
shift and bandwidth of the inertial peak 
decrease with latitude; energy l eve l near f 
i s minimum at about 300 and higher at low 
and high l atitudes . The observations of 
class 3 can be well-described by the model; 
a low zonal wavenumber cutoff i s required 
to produce the observed frequen cy shift of 
the inertial peak. 
The differences between the global gen-
eration model and the observations of class 
1 and class 2 are interpreted as the ef-
fects of local sources. A l ocally forced 
mode l is developed based on the latitudinal 
modal decomposition of a localized source 
function . Asymptotic eigensolutions of the 
Laplace's tidal equation are therefore de-
rived and used as a set of expansion func-
tions. The forcing i s through a vertical 
velocity field specified at the top or bot-
tom boundaries of the ocean. For white 
noi se forcing, the horizontal veloc ity 
spec trum of the response has an inerti al 
peak whi ch diminishes in the far-field. 
With the forc ing located at either the sur-
face or the bottom, severa l properties of 
t he class 2 observations can be described 
qualitatively by a combination of the glo-
bal and local models. 
The reflection of inertial waves from a 
t urbulent benthic boundary layer is studied 
by a slab model of given depth. Frictional 
effects are confined to the boundary l ayer 
and mode lled by a quadradic drag law. For 
given incident waves, reflection coeff i-
cients are found to be greater than 0.9 for 
the long waves which contain most of the 
energy. Thi s result suggests that 
energy-containing inertial waves can propa-
gate over great distance as is required by 
the validity of t he model of global genera-
tion. 
Supported by: NSF Grants OCE76-80210 
and OCE78-19833 . 
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ECOLOGY OF CHEMICAL DEFENSES 
OF ALGAE AGAINST THE HERBIVOROUS SNAIL, 
LITTORINA LITTOREA, IN THE NEW ENGLAND 
ROCKY INTERTI DAL COMMUNITY 
Joy A. Geiselman 
In the New Engl and rocky intertidal 
commun ity, space i s dominated by two 
perennial plant t ypes , brown fucoid alqae 
(Ascophyllum nodosum and several species 
of Fucus) in the mid zones and the red 
alqa-EfiOndrus crispus in the low zones. 
These alqae are not qrazed by the 
predominant herbivorous snai l , Littorina 
li ttorea. Here I report the first d1rect 
evidence that these algae produce chemical s 
which inhibit feeding by the snails. 
Polyphenols in Fucus vesiculosus and 
Ascophyllum nodosum were shown to be effec-
tive chemical defenses against the snails. 
Feeding experiments demonstrated that the 
presence in the diet of as little as 1 % 
polyphenol (dry weight), extracted frorn 
these two alga l species, caused a signifi-
cant reduction in feeding by L. littorea; 
10% polyphenol (dry wt.) in food media in-
hibited snail feeding nearly 100 %. The 
phenol and polyphenol contents in different 
tissues of these two alga l species and in 
other New England rocky intertidal algal 
species were monitored monthly for one 
year. F. vesi culosus and A. nodosum showed 
hi ghesCpolyphenol contents ( 1-17 % dry 
wt.); these l evel s were sufficiently high 
in all tissues during al l months to inhibit 
snai l feeding. The mecha nism of action of 
plant polyphenols against herbivores is 
through their binding to plant proteins and 
other nitrogenous compounds, rendering them 
indigestibl e. Polyphenol contents were 
therefore examined in re lati on to plant ni-
trogen contents (u sing po lyphenol/nitrogen 
ratios) to estimate the unavailability of 
plant nitrogen to herbivores due to po ly-
phenol binding. 
Annual brown algal species such as Pe-
talonia fascia and Scytos iphon lomentarTa 
had signifi cantly lower levels of phenol s 
and polyphenols than the perennial F. vesi-
cul osus and A. nodosum. These two spec ies 
are h1ghly preferred as food by L. 
littorea. _f.. cr i spus and the yreen alga 
Codium fragile also had low phenol and 
polyphenol levels, yet they are of low food 
preference to the sna il s . t~ethy l ene ch l or-
ide extracts from C. crispus and volatile 
halocompounds frorn- .f_. fragile inhibited 
snai l feeding, hence these species have 
chemi cal defenses quite different from 
those of F. vesiculosus and A. nodosum. 
Factors such as physical defenses, nutri-
tional content, and tempora l and spati al 
escapes are also important in determining 
algal food preference to herbivores . 
The release into seawater of vo l atile 
hydrocarbons and halomethanes from benthic 
al gae and seagrass was measured to examine 
the possib l e ro l e of these compounds as 
antiherbivore compounds. Bioassays i nd i -
cated that CHziz, a compound re leased 
into seawater from f· fraeile, inhibited 
feeding of~· littorea. ABr3, released 
into seawater by many algal species, ap -
peared to have l ess activity against the 
herbivore s . 
This study represents one of the first 
examinations of pl ant chemical defenses 
aga i nst herb ivores i n the mari ne envi ron-
ment. The f i ndings are discussed i n re l a-
tion to recent theories from terrestrial 
studies on the commitment of plants to che-
mical defense. 
Supported by: NSF Grant OCE78- 11573 
and the MIT/WHOI Joint Program. 
GEOTHERMAL PROCESSES AT THE 
GALAPAGOS SPREADING CENTER 
Kenneth E. Green 
The measurements of the heat flow fi eld 
of the Galapagos Spreading Center in an 
area of about 570 km2 reveal the planform 
of the conductive flux and permit the first 
trul y area l estimate of the nea r-axis heat 
f l ux for comparison with theoretical plate 
cooling models. The i ntrusion process and 
associated hydrothermal circulation domi-
nate the surface heat flow pattern, with 
circulation apparently continuing beyond 
the limits of our survey. The areal 
average of the conductive heat flux is 7. 1 
+ .8 HFU (295+ 33 mW/m2), about one-third 
the heat flux predicted by pl ate models. 
The remaining heat is apparently removed by 
venting of hydrothermal waters at the 
spreading axis and through basalt outcrops 
and hydrothermal mounds off-axis. The pat-
tern of surface heat flux i s lineated par-
all el to the axis and the strong ly lineated 
topography. Sharp latera l gradients in 
heat flow, greater than 10 HFU/km near 
escarpments and common ly expressed as high 
heat flow at the tops of scarps and lower 
heat flow in the valleys , may indicate a 
local concentration of the circul ation by 
surface fault systems and/or variable 
sediment thickness. 
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The mounds of the Galapagos Rift are 
spectacular hydrothermal features. Their 
interna l temperatures have been measured at 
up to 13oc above the bottom water tem-
perature and tota l heat fl ow (conducted 
plus convected) can be several hundred 
times the normal oceanic value. Fluids, 
when they discharge from the mound, do so 
at a very slow rate and at t emperatures 
probably quite near the bottom water tem-
perature. The mounds are principally com-
posed of iron si li cates intermixed and en-
crusted wi th lesser amounts of manganese 
oxides. They are genera l ly found in r01vs, 
in a unifonnly sedimented area above fau l ts 
or fractures in the crustal rocks which 
permit fluids to escape from a deep hydro-
thennal aquifer. The mounds fi eld, co-
vering an area of at l east 200 square ki l o-
meters and consisting of thousands of i ndi -
vidua l mounds, is probably less than 
300,000 years ol d; and many of the mounds 
may be only a few tens of thousands of 
years old or less. 
Numerical modeling of two-dimensional 
convect i on within the oceanic crust is con-
strained by these observations of the de-
tailed heat f l ow field. By compari ng the 
estimated heat and mass flow rates with mo-
del flows, the maximum permeability-depth 
distribution is limited to no greater than 
.1 mD (10-12 cm2) at depths greater 
than 2 km. The bulk permeability of the 
upper 2 km appears constrained to greater 
than 1.0 mD (1Q-11 cm2); bulk permea-
bilities in excess of 5. mD are l imited to 
the uppennost km. 
One major consequence of the convection 
is the reduction of the overall temperature 
of the upper curst relative to conductive 
models. We found that convection with 
variable fluid properties responds to ther-
mal forcing in a predictable fashion based 
on the dimens ionless Ray l eigh number evalu-
ated at el evated temperature. Corre lation 
of model f l uxes and comparison to r esul ts 
for s l ow spreading rate models ind icates a 
depth of fluid penetration shall ower for 
the Galapagos than other ridges. The heat 
input at the ridge axis forces the wave-
length of the resulting circulation to re-
flect the depth of strong circulation at 
the axis, and indi cates 60 % or more of the 
"missing" heat f l ux near mid-ocean ridges 
is removed by hydrothermal up1vell i ng at the 
axis of spreading. 
Supported by: NSF Grants OCE77- 28281, 
OCE77-23470, OCE75-23352 and OCE77-
23978. 
BIOGEOCHEMISTRY OF DISSOLVED FREE 
AMINO ACIDS IN MARINE SEDIMENTS 
Susan M. Henrichs 
Dissolved free amino acids (DFAA) were 
measured in interstitial water samples 
squeezed from sediments collected in a 
variety of depositional environments . 
These sediments were further characterized 
by carbon, total hydrolyzable amino acids, 
and pore water-dissolved remineralization 
products. 
Surface sediments from the oxygen mini-
mum zone of the Peru Upwelling Region, 
which consisted of a filamentous bacterial 
mat, were sampled at three locations. DFAA 
concentrations within the mat ranged from 5 
to 220 ~M, with the highest concentrations 
found in the upper 4 em at two stations on 
the landward and seaward edges of the zone, 
and l owe r concentrations at a station in 
the middle of the oxygen minirnum zone. 
Within cores, 10\~er concentrations were 
found at depths below the mat ; and below 
30 em depth concentrations were between 0 . 7 
and 3 ~M . Two short cores of offshore se-
diments had concentrations between 14 and 
40 ~M (1400 rn depth) and between 3 and 8 ~M 
(5200 m). Glutamic acid was the predomi-
nant amino acid in nearly all surface sedi-
ment samples, making up 30 to 70 mole % • 
In sediments below 15 em depth, e-amino-
glutaric acid was often more abundant than 
glutamic acid and other amino acids were 
virtually absent. 
Glut amic acid, both from several analy-
ses performed during this work and from da-
ta available in the literature, is a major 
DFAA of bacterial pools, and bacteria are a 
likel y source for the high concentrations 
seen in interstitial water samples. DFAA 
may be extracted from living cells by the 
squeezing process, or may be excreted by 
the bacteria under natural conditions. 
e-A~inoglutaric acid is a non-protein amino 
acid isome r of glutamic acid which has not 
been previously reported as a natural pro-
duct. However, this work has shown it to 
be a constituent of the free amino acid 
pools of some bacteria at about 5 mole %. 
Its much larger relative abundance in 
sediments could stem from organisms which 
biosynthesize greater amounts than those 
analyzed, or from relatively slow 
biodegradation . 
Buzzards Bay, Massachusetts, surface 
sed iments (17 m water depth) al so conta ined 
high DFAA concentrations, near 50 ~M, which 
decreased gradually with depth to about 
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5 ~Mat 30 em. Glutamic acid and e-amino-
glutaric acid were the major components, 
with e-aminoglutaric acid becoming rela-
tively more abundant with depth in core. 
Repeated sampling of this station was car-
ried out, and both the concentration and 
composition of DFAA in replicate samples 
was very similar. Sediments from the Pet-
taquamscutt River Estuary, Rhode Island (an 
anoxic basin), had low DFAA concentrations 
ranging from 2 to 6 ~M . Glutamic and 
e-aminoglutaric acids made up 30 to 50 % of 
the total . 
Three cores of Gulf of Maine basin se-
diments had DFAA concentrations and compo-
sitions whi ch were similar to each other 
and to Buzzards Bay sediments, except that 
glycine was a major constituent of some of 
the samples. Its distribution was irregu-
lar over the less than 30 em depth inter-
vals sampled. Glycine is the major DFAA in 
the pool s of many benthic invertebrates. 
Its presence in these cores is consistent 
with independent evidence that Gulf of 
Maine basin sediments are extensively bio-
turbated. 
Two cores of carbonate-rich sediments 
from the continental rise to the east of 
the Gulf of Maine and from the Bermuda Rise 
had surface sediment DFAA concentrations of 
33 and 0.9 ~M, respectively. Despite the 
large difference in concentration, composi-
tions were very similar, with glycine and 
glutamic acid the major constituents. The 
very low concentrations in the Bermuda Rise 
sediments may be related to very low meta-
bolizable organic carbon concentrations . 
Two nonprotein amino acids, y-aminobutyric 
acid and e-alanine, were major constituents 
of the total hydrolyzable amino acids in 
the Bermuda Rise sediments . 
Bi ological processes , specifically mi c-
robial, appear t o be responsible for the 
major features of DFAA concentration and 
composition in the sediments studied . The 
concentrations of DFAA measured could be of 
significance to the nutrition of benthic 
organisms via transepidermal uptake or to 
the fo rmation of humic substances in sedi-
ments, if these levels are found outside 
cells. However, as a sink for DFAA in 
sediments, the latter two processes are 
slow relative to microbial uptake . 
Supported by: The MIT/WHOI Joint Program; 
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PROPAGATION AND ATTENUATION 
CHARACTERISTICS OF MULTILAYERED 
MEDIA 
Stephen P·. Koch 
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An algorithm is proposed to numerically 
integrate the inhomogeneous depth-separated 
wave equation using a state variable tech-
nique. The solution obtained for two sim-
ple shallow water models is shown to agree 
well with t he known exact solutions. Inte-
gration grid density is discussed and a ~i­
nimum required density specified. 
The use of complex sound speeds to si-
mulate bottom attenuati on is revi ewed. A 
numerical instability inherent to the tech-
nique that arises during the use of complex 
sound speeds is investigated. 
The algorithm is also applied to a deep 
ocean profile, and the solution charac-
teristics discussed. Sensitivity problems 
that arise when modeling the seafloor as a 
layered elastic medium are analyzed. 
Supported by: MIT/ WHOI Joint Program. 
OBSERVATIONS OF LONG PERIOD WAVES 
IN THE TROPICAL OCEANS AND ATMOSPHERE 
Douglas S. Luther 
The existence of resonant, baroclinic, 
equatorially-trapped inertia-gravity waves 
{discovered by Wunsch and Gi ll {1976)) is 
confirmed in the mid-Pacific by spectral a-
nalysis of l ong sea level ~ecords. The en-
ergy of the low-mode inertia-gravity waves 
is found to decrease toward the meridional 
boundaries. A simple spectral model, ac-
knowledging the dispersive characteristics 
of the equatorial waves, adequately repro-
duces the observed mid-Pacific sea level 
spectra in the 1-6 day band. Mode l spectra 
computed at latitudes outside the equa-
torial waveguide of the gravest meridional 
modes suggest 'the presence of "inertial" 
peaks in several observed sea level spec-
tra. Resonant, l ow-mode inertia-gravity 
waves may also exist in the Indian Ocean . 
Sea l eve l fluctuations along the Paci-
fic equator are found to have Kelvin wave 
characteristics in the 35-80 day band, and, 
in particular, propagation from the western 
Pacific to the coast of South America is 
observed. The Kelv in waves are atmospheri-
cally- forced in the central-western Pacific 
and have a computed equ ival ent depth cor-
responding to the first-baroclinic mode . 
Outside of the equatorial mid-Pacifi c, 
a non-static ocean response to air pressure 
in the 4-5 day band is dominated by a ba-
sin-wide, barotropic, planetary mode. The 
low Q of this mode suggests that the ocean 
is viscous with respect to large-scale ba-
rotropic oscillations. 
The dynamical components of the ob-
served long-period tides have been isolated 
for the first time using the "self-consis-
tent" equilibrium tide of Agnew and Farrell (1978). The tides are slightly non-equili-
brium with large hori zontal scales. The 
relatively short-scale Rossby modes pre-
dicted by Wunsch (1967) are not observed, 
perhaps because of the poor spatial cover-
age of the dataset . Considering the low Q 
of the 4-6 day planetary basin mode, it is 
suggested that the long-period tides are 
frictionally-controlled. 
The 4- and 5-day equatorial iner-
tia-gravity waves, the 35-80 day Kelvin 
waves and the 4-6 day planetary basin mode 
are clearly atmospherically forced, and, 
perhaps surprisingly, they are forced by 
atmospheric waves that have similar hori-
zontal structures, i.e., 4-5 day Ross-
by-gravity waves, 40-50 day Kelvin waves 
and a 5-day global barotropic mode. The 
surface expressi ons of these atmospheric 
waves are determined in order to understand 
the nature of the oceanic respo nse , e.g., 
resonant or forced. Much of the infor-
mation about the surface atmospheric fields 
that has been col lected, including frequen-
cy-wavenumber descriptions, awaits an accu-
rate model of the coupling between wind 
stress and internal ocean waves. 
Supported by : NSF Grant OCE73-01384; 
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COMPOSITION AND CHARACTERISTICS OF 
PARTICLES IN THE OCEAN: 
EVIDENCE FOR PRESENT-DAY RESUSPENSION 
Mary J. Richardson 
This study of particulate matter in the 
water column and the underlying surface se-
diments verifies the occurrence of local, 
present-day resuspension in the deep sea. 
The location of the major portion of this 
work was the South Iceland Rise, a region 
influenced by the fl 01~ of Norwegian Sea 
Overflm~ Water. Measured current veloci-
ties exceeded 20 em/sec in the axis of the 
bottom current for the duration of the de-
ployments, approximately two weeks. Par-
ticulate matter was sampled with Niskin 
bottles to obta in the standing crop of 
suspended matter and with sediment traps 
to obtain the materi al in flux through the 
water column. Box cores were taken to ob-
tain surface sediment samples for compari-
son with the trap sampl es. 
Suspended particulate matter (SPM) and 
li gh t-scattering studi es demonstrate that 
in the Iceland Rise area the correlation of 
the L-OGO nephelometer to concentration of 
SPr4 differs between clear water and the ne-
pheloid layer. Correlations of light scat-
tering to SPM concentrat ion also differ re-
giona1ly, but for predicting concentration 
from light scattering, regression lines at 
two locations are indistinguishable. Par-
ticle size distributions have lower vari-
ance in the nepheloid layer than those in 
clear water which have roughly equal vol-
umes of material in logarithmicall y in-
creas ing size grades from 1-20 ~m. Ap-
paren t density differences between SPM in 
clear water and the nepheloid layer are not 
distinguishable in the Iceland Rise study; 
apparent densities increase in the nephe-
loid layer in the western North Atlantic . 
An apparent density of 1.1 g/cm3 ade-
quately separates clear water from nephe-
loid layer sampl es in thi s region. Compo-
sitional variations seen between clear wa-
ter and the nepheloid layer include a de-
crease in sma ll coccol iths and an increase 
in cl ays and mineral matter. These compo-
s i tional variations are more dramatic in 
the western North Atlantic region, due to 
dissolution of carbonate at the seafloor, 
later resuspended into the nepheloid l ayer . 
Sedimentological evidence of resus-
pension and redistribution of material 
are: 1) presence of sediment drifts 
throughout the Iceland Basin; 2) occurrence 
of coarse, glacial age sediments beneath 
the axis of the bottom current; and 3) dif-
ferences in mineralogy, carbonate and or-
ganic carbon contents between surface sedi-
ments beneath the bottom current and those 
in a channel . 
A compari son of the verti ca l flux of 
material measured by sediment traps at 500 
meters above bottom (mab) with t he accumu-
lation rate in cores, shows that the pre-
sent-day su rface input i s an order of mag-
nitude smal l er than the accumulation rate . 
Thi s observation sugges ts transport of ma-
terial into some sec tions of the region by 
bottom currents or by turbidity currents. 
The horizontal flu x of particulate mat-
te r into and out of the region by the bot-
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t om current is 100 kg/sec. This material 
may contribute to the formation of Gardar 
sediment drift downstream. The trends in % 
CaC03 and % organic carbon through the 
water column and in the surface sediments 
suggest that dis solution of carbonate and 
decomposition and consumption of organic 
carbon occurs primarily at the seafloor. 
These data al so sugges t preferenti al pre-
servati on at channel stations and/o r pre-
ferential erosion beneath the bottom cur-
rent. 
A compari son of sediment-trap sampl es 
with box-core surface samples further sup-
ports present-day resuspension. Benthic 
foraminifera, iron-oxide coated planktoni c 
foraminifera and the glacia l , subpolar 
planktonic foraminifera (Neogl oboguadr ina 
pachyderma (sini stral)) in traps at 10, 100 
and a f ew specimens at 500 mab, provide 
conclusive evidence for local resus-
pensi on. The coarse fraction (>125 ~m) of 
the sediment trap material collected at 10 
mab compr ises 21-34% of the samples. Cal-
culations indicate that this material is 
locally derived (few kilometers) resus-
pended material . 
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THE APPLI CATION OF INV ERSE ME THODS 
TO PROBLEMS IN OCEAN CIRCULATION 
Dean H. Roemmich 
The inverse method of estimating ocean 
circul ation f rom hydographic data (Wunsch, 
1977, 1978) is examined with particular at-
t ention to the problem of scale 
resolution. The method applies conser-
vati on constraints, whi ch may be imposed on 
mass, salt, or other quantities, in a num-
ber of distinct l ayers separated by sur-
faces of constant potential densi ty. These 
constraints are used to find a geostrophic 
flow field which i s the product of a known 
linea r resolution operator on the unknown 
hydrographic station grid scale field of 
absolute velocity. One may appl y this 
operator to a single reference level, and 
then combine the snooth reference l evel 
fie ld with gr id scale rel ative vel oc ity , or 
apply the operator at all levels to obtain 
a unique smooth field. Two simple hypo-
theti cal exampl es are analyzed in detail in 
order to illustrate why some fea tures of a 
f l ow field are uniquely determined, and to 
explain how such features can be antici-
pated and identified in real problems. 
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Three applications of the method are 
presented, using historical hydrographic 
data from the Atlantic Ocean. The Carib-
bean Sea provides a well resolved probl em 
because of the high quality data set and 
strong constra ints imposed by topography in 
the basin and adjoining passages. The re-
solution operator is local in space (com-
pact resolution), conserves transport, and 
i s fair ly l ow in sensi tivity to noise. Scal es 
as fi ne as about 50 kilometers are resolved 
in the Windward Passage and the Florida 
Straits, with coarser resolution of several 
hundred kilometers in the interior of the 
Caribbegn3 The estimated transport of 29 x 10 m /sec leaving the western Car-
ibbean is in aqreement with direct mea -
surements Out of this total, 
22 x 106m3/sec flows across the eastern 
Caribbean and the remaining 
7 X 106m3/sec enters throug:1 the 
windward Passage. 
In the second application, the Wunsch 
type inverse i s appli ed to an area formed 
by the perimeter of the Gulf Stream '60 
hydrographic data. The resoluti on i s. ina-
dequate to determine the deep structure and 
transport of the Gu lf Stream and nearby en-
ergeti c features. A second cal culation is 
made using additi onal vorticity conserva-
tion constraints on the entire three dimen-
siona l data set in order to obtain a more 
highl y resolved problem. Some crude ap-
proximati ons are necessary in the vorticity 
balance because the data do not adequately 
resolve the energetic features and contain 
no informati on in t he time domain. The re-
sulting snapshot of horizontal velocity 
shows a Gu lf Stream that does not, in 
general, penetrate t o the bottom below the 
hi gh vel ocity core . There are, however, 
energet ic deep features nearby, with 
eastward velocities of order 20 em/sec at 
4000 meters , whose identification as part 
of the Gul f Stream or as l ocal eddies is 
ambiguous. 
The f inal probl em is to estimate the 
meridional heat flux in the North Atlantic 
at 240N, 360N, and 480N. As antici -
pated, the resolution is rather coarse and 
spatially variable, with typical scales of 
2000 kilometers or more. At 240N, the 
resolution is compact. The net geostrophic 
transport of individual layers is well de-
termined at this latitude to within about 
2 x 106m3/sec, and it is f ound that the 
layer transports serve t o determine the 
geostrophic hea t flu x, which is estimated 
to be 90 x 1013 watts. Solutions at 
360N and 480N are more poorly re-
solved. The essential difference at 240N 
i s the confinement of the Florida Current 
to the shallow Straits of Florida , with a 
known volume transport. 
Su pported by: NSF Grants OCE76-80210 
and OCE78- 19833. 
THE NATURE AND ORIGIN OF FINE-SCALE 
SEA-FLOOR RELIEF 
Joh n Shi h-Fu Shih 
Bathymetric profi l es of mid-ocean 
ridges show that the morphology of ridge 
crests and the roughness of sea-fl oor re-
lief created there is commonly related to 
the spreading rate. To study the creat ion 
of fine-scale sea-floor relief at mid-ocean 
ridges, detailed bathymetric profiles of 
mid-ocean ridges col l ected with the deep 
tow inst rume nt package were compiled . Tec-
toni c features were identified in order to 
provide an estimate of the zone over which 
tectonic relief i s created. The results 
suggest the age of sea-floor to which tec-
tonism is active is consi derably greater at 
the slow spreading Mid-Atl antic Rid ge 
t hough not noticably variable among faster 
spreading centers. The roughness of 
sea- f l oor relief was measured usi ng l onger 
deep tow profiles. Surprisingly, the 
sea-fl oor rel i ef created at slow spreading 
centers is not noti ceably rougher than that 
created at faster spreading centers, con-
trary to the often noted inverse re lation-
ship between sea-f loor roughness and 
spreading ra t e. It is postulated that the 
apparent smooth sea-floor reli ef created at 
fast spreadi ng centers i s due to the i n-
ability of typi cal surface ship profiling 
syste1:1s to resolve the small ampli-
tude/s hort wavel ength relief crea ted there . 
Surface ship bathymetric profil es of 
mid-ocean ridges were also compi l ed to bet-
t er define the relationships between the 
dimensions of median rifts or central highs 
at spreading centers and the roug hness of 
sea- f l oor r elief as seen by surface ship 
profi l ing systems with spreadinq rate . The 
measurement of ridqe crest dimensions shows 
that though the sl ow spreadiny Mi d-Atlanti c 
Ridge commonl y does have median r ifts and 
the fast spreading East Pacific Rise has 
central highs, when r idge crest dimensions 
are plotted versus spreading rate, no c l ear 
correlation can be seen in the individual 
oceans. The roughness of sea-floor relief 
was measured using the compil ed surface 
ship profi les. A good inverse correlation 
between roughness and spreading rate can be 
seen in the At l antic but not in the Pac i-
f ic. 
The hypothes i s that the roughness of 
sea-f l oor re l ief created at spreading cen-
ters i s related to the ab il ity of t he l i-
thosphere to support rel ief within the zone 
of rel ief format i on was cons i dered . The 
strength of the l ithosphere at spreadi ng 
centers was estimated from measured 
strengths of rocks and theore t ica l thermal 
models of the l i thosphere near spreading 
axes. The load imposed on the lithosphere 
by sea- floor relief was estimat ed usi ng 
deep t01t bathymetric prof il es. The ca lcu-
l ations show the l i thosphere shoul d ach i eve 
much higher strengths within the zone of 
re li ef formation at sl ow spreading centers 
compared to fast spreading centers . 
Furthermore, the cal culated lithospheric 
strengths within the zone of rel ief for-
mation increase exponentially for spreading 
centers of l ower spreadi ng rates. This can 
explain why an inverse correlation between 
sea- f l oor roughness and spreadi ng rate 
coul d be seen al ong the sl ow spreading 
Mid-Atl antic Ridge but not along the fast 
spreading East Pacific Rise. Finall y , the 
extent of tecton i sm, or the width of the 
zone of re l ief formation, at spreading cen-
ters i s suggested to be controlled by the 
wi dth of magma chambers at fas t er spreading 
centers and the extent of vi scous forces at 
deeply rifted sl ow spreading centers . 
Supported by: The MIT /WHOI Joint 
Program; ONR Contract N00014-75-C-
029l; and NSF Grant OCE77- 20224 . 
BOTTOM CURRENTS AND ABYSSAL 
SEDIMENTATION PROCESSES SOUTH OF ICELAND 
Alexander N. Shor 
An i nvestigation was carried out to ob-
serve the geologic effects of steady bottom 
currents on sediments of East Katla Ridge 
on the southern insul ar r i se of Iceland. 
Near-bottom southwest to west-fl owi ng cur-
rents exceeded 20 em sec-1 for two weeks 
over a 25-k il ometer wide section of the 
ridge flank between approximately 1400 and 
1800 meters water depth; maximum density 
and mini mum temperature were observed at 
1800 meters . Tota l transport of Ice-
l and-Scotl and Overflow Water was cal cu l ated 
to be 5.0 x 106m3 sec-1; suspended 
sediment transport is approxi mately 
0.4 x 106 grams sec-1, with a net depo-
sition of 10 to 15 cm/1000 years estimated 
from the flux di fference i n and out of the 
station array. 
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Sediment distributi on patterns i nd icate 
that the current ax i s , where f l ow exceeds 
approx imately 15 em sec-1, is a site of 
erosi on and winnowing (sand layer for-
mation) whi l e the current margin is a si te 
of rapid accumul ation (from observed Holo-
cene rates of 25 to 35 em per 1000 yr to 
estimated rates of greater than 
100 cm/1000 yr based on 3.5 kHz echo- soun-
der records) . Holocene si l ty turbidites 
are locally th i ck in a submarine channel; 
sandy turbidites and current-winnowed 
'sandy contour i tes ' are present in the axis 
of the major submarine canyon . 
' Sandy contourite' deposits beneath the 
axis of the Iceland-Scotland Overf l ow 
Current are very poorly sorted muddy sands 
lack i ng pr imary sedimentary structures. 
Bioturbation is inferred to cause the 
unique characteristi cs of these depos i ts, 
as well as the absence of fine si l t l aminae 
in 'muddy contouri tes' at the current mar-
gin. 
Su pported by: NSF Grant OCE76-8149l and 
ONR Contract N00014-74-C-0262 NR083 -
004. 
MAJOR ELEMENT GEOCHEMISTRY 
OF THE AMAZON RIVER SYSTEM 
Robert F. Stal l ard 
Samples of surface waters and precipi -
tation were coll ected on the Amazon .ma i n 
channel, its major tributaries, and head-
water rivers in the Peruvian and Bol ivian 
Andes. Co l lection was done between 1976 
and 1978. The bu l k of the samples were 
obtained during traverses of the Amazon 
Basin, on t he main channel, in the May- July 
peak discharge period of 1976 and 1977 . 
The intent of the sampl i ng was to identify 
the dominant processes contro l ling the 
chemistry of rivers wi thin the Amazon Ri ver 
system and to quantify the re l ative 
importance of t hese processes. 
Analyses of precipitation and surface 
water are used to estimate the fluxes of 
marine cyclic salts through that part of 
the Amazon Basi n drai ning past Obidos (80 
of the bas i n). Amazon precipitation chem-
i stry can be divided into two principa l 
components, marine and terrestrial . The 
marine component (determined from analyses 
of marine rain) consists of Na, K, Mg, Ca, 
and Cl in approximately seasal t propor-
tions, wh il eS is doubly enriched relative 
to seasa l t . The excess sulfur is probably 
~erived from gas-phase inputs. The terres-
tr i al component ma kes an important contri-
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amounts of heat to the atmosphere away from 
the continental margins. 
The model results and direct calcula-
tions of air-sea exchanges suggest a south-
ward heat flux must occur across the APF. 
The lateral water mass transition across 
the front is not discontinuous but occurs 
over a f inite sized zone of f luid which is 
dominated by intrusive f inestruc ture . The 
characteristics and dynamics of these fea-
tures are invest igated in Part II to try 
and assess their importance in the 
meridional heat budget . 
Observations made on two cruises to the 
APF are presented and the space-time scal es 
of the features and thermohaline charac-
teristics are discussed. It is suggested 
t hat double diffusive processes dominated 
by salt f ingering are ac tive within the in-
trusions. An extension of Stern ' s (1967) 
model of the stability of the thermohaline 
front to i ntrusive finestructure driven by 
sa ltfingering where small sca l e viscous 
processes are included, is presented to ex-
plain why intrusions are observed in fron-
tal zones . The model successfull y predicts 
vertical scales of intr usi ons observed in 
the ocean and the observed dependence of 
t he intrusions' slopes across density sur-
faces on t he veritcal scale . Since the 
fastest growing intrusion is not strongly 
determined by the model, though, i t is 
likely that fi ni te amplitude effects deter-
mine the dominant scal e of interl eaving in 
the ocean. 
The analy sis predicts that intrusions 
transport heat, salt and density down t he 
~ean gradients of the fro nt. For the APF, 
the heat f l ux is pol eward which i s the di-
rection required by the global heat bud-
get. This model does not describe intru-
sions at finite amp litude or i n steady 
state and so cannot be used to estimate the 
magn i tude of the po l eward heat flux due to 
intrus ions in t he APF. 
Supported by: NSF Grants OCE75-1 4056, 
OCE76-82036 and OCE77-28355. 
SURFAC E INFILTRATION IN TWO 
MASSACHUSETTS SALT MARSHES 
Roger W. Burke, Harold F. Hemond 
and Keith D. Stol zenbach 
The seepage of water at the marsh sur-
face as it is inundated by the tide was 
measured in two Massachusetts sa l t marshes 
durinq the fall of 1978 and the summer of 
1979 . The measurements were accomplished 
with an active infiltrometer, which i so-
lates a column of water on the marsh su r-
face whil e duplicating natural head condi-
tions. A total of 27 sites were sampl ed; 
the results showed essentially unmeasurable 
(<5mm) seepage in nearly all sites sampled 
during the summer of 1979. At the fe\/ 1 a-
cations where nonzero seepage was observed, 
a pattern of infiltration during flood fol -
lowed by exf iltration during ebb was usual -
ly found . 
In Press: Coastal and Estuarine 
Marine Science. 
Supported by : NOAA, Office of Sea 
Grant, Grants NA79AA-0-00101 ; and 
the Whitaker Health Sciences Fund. 
A DEVICE FOR THE MEASUREMENT OF 
INFILTRATION IN INTERMITTENTLY FLOODED 
SURFACES 
Harold F. Hemond and Roger W. Burke 
An infi l trometer design is presented 
for the measurement of infiltration and/ or 
exfiltration in intermittently or continu-
ously inundated soils, such as occur in ti-
dal sal t marshes. The device isolates a 
column of water while actively maintaining 
natural head co nditions, and yiel ds infil-
trat ion/exfiltration rates f rom mass bal-
ance considerations . The infiltrometer 
i ncorporates a Stevens recorder, a revers-
ibl e positive displacement metering pump 
and sol id-state circui try. This devi ce is 
capabl e of detecting less than 5 mm of 
infiltration or exfiltration per tidal 
cycle. 
In Press : Limnology and 
Oceanography. 
Supported by: NOAA, Office of Sea 
Grant, Grant 04-7- 158-44079; and 
the Whitaker Hea l th Sc iences Fund. 
SOURCE CHARACTERIZAT ION OF TWO REYKJANES 
RIDGE EAKTHQUAKES: SURFACE WAVES AND 
MOMENT TENSORS; P WAVEFORMS AND NON-
ORTHOGONAL NODAL PLANES 
Anne M. Trehu, John L. Nabelek 
and Sean C. Sol omon 
Well- constrai ned fault pl ane solutions 
from P wave first motions for mid-ocean 
ridge norma 1 faulting earthquakes usually 
require non-orthogonal nodal pl anes. Local 
structural effects and/or departures from a 
double couple source mechanism have been 
invoked to expl ai n this phenonemon. In 
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order to obta in an independent determina-
tion of the source mechan isms for the April 
24, 1970 and April 3, 1972 events on the 
southern Reykjanes Ri dge, we invert the 
Rayl ei gh wave radiation patt ern to obtain 
the source moment tensor. The moment ten-
sor formulati on should be particularly 
we ll-suited to this probl em because it is 
not restricted a pri or i to a doub le coupl e 
source mechan i sm. A potent i al drawback of 
the technique, hov1ever, is the requirement 
that phase velocities along the earth-
quake-station paths be known very accurate-
l y i n order to obtain the source phase from 
the observed phase. An objective of this 
study was to determine whether a regional -
ized phase ve l ocity model compi l ed from 
published dispers i on curves i s adequate . 
The results of the moment t ensor inversion 
for both events indi cate shall ol'/ normal 
faulting with t he tension ax i s approximate-
l y horizonta l and perpendi cu l ar to the lo-
cal strike of the ridge. Apparent depar-
tures from a pure doubl e couple source seem 
to result from errors in the da ta and the 
poor resolution of the Mxz and Myz com-
ponents of the moment tensor f or shall ow 
sources . After performi ng the inversi on 
under a series of increasing ly more str i n-
gent constraints we conclude t hat the data 
for both events are compati bl e with pure 
double coupl e sources with moments of 4.8 
and 7.5 x 1024 dy ne- em, respectivel y . We 
then shOI'/ that interference between P, pP, 
and sP due to shall owness of the source can 
accoun t for the observed non-orthogonali ty 
and match the observed P 1~aveforms for the 
Apri l 3, 1972 event with theoretical 
se ismogra~s ca lcul ated for a shear fault 
whose ori entation i s cons i stent with the 
su r face wave solution. The best fit to the 
data is obtained for a l ong, narrow faul t 
(13 km by 3 km), with rupture initi ating 
near the sea f l oo r . The moment ind icated 
by the P waves i s 7.5 x 1024 dyne- em. 
These source parameters give an average 
di sp l acement of about 60 em and a stress 
drop of 30 -60 bars, taking into account 
various uncertainties. Although we might 
expect attenuation to be high in the 
mid-ocean ridge environment, the average 
attenuation required to fit the teleseismic 
data is not hi gher than normal 
(t* = 1 sec) . The P waves from the Apr il 
24, 1970 earthquake were too smal l to be 
suitab l e for quantita ti ve model ing by 
synthetic seismograms but are qual i tative l y 
consistent with a shall ow fau l t model 
simil ar to that for the l arger event . We 
concl ude that the fault i ng process 
descr ibed by these two earthquake 
mechanisms i s directly related t o the for-
mation of r ift valley t opography. 
Supported by: NSF Grant EAR77-09965; 
ARPA Contract F44620- 75-C- 0064; NSF 
Fellowships ; and the Alfred P. 
Sloan Foundation . 
LATE OLIGOCENE TRANSGRESSION OF MIDDLE 
ATLANTIC COASTAL PLAIN 
Ri chard K. Olsson, Kenneth G. Mill er 
and Ti mothy E. Ungrady 
The subsurface Piney Point Formation of 
the coastal plain of ~,1ary l and, Delaware, 
and New jersey conta ins pl anktonic forami-
nife ra of l ate Oli gocene age. The trans-
gressive Piney Point Formatior. v1as depos i-
t ed in inner to middl e shelf environments 
on an eroded Eocene surface. The di scon-
foroity that separates the Piney Po int fror.1 
the Eocene f oroati ons be 1 ov1 resulted from a 
major l owering of gl obal sea l evel in early 
Oli gocene tiMe. This eustatic regression 
correl ates with severe cli ma tic changes 
noted elsewhere in the geo l ogic record of 
this time. 
Published in: Geol ogy 8: 549- 554, 
(Nov. 1980). -
Supported by : The MIT/ WHO I Joint Program 
and The Pet roleum Research Fund of 
the American Chemica l Society . 
ENV IRONMENTAL DISTRIBUTIO~ OF RECENT 
BFNTHIC FORAl'1INIFERA Qt.J THE t~u :nHEAST 
U.S. C8NTINENTAL SLOPE 
Kenneth G. Mil l er and George P. Lohmann 
Severa l bathynetr i call y consistent Re-
cent benthic foram i nifera l biofacies have 
been r ecognized from the continental sl ope 
southeast of Cape Cod . Faunal assemblages 
are dominated ~y Globobuli mina/Buli mina 
(upper s l ope; l ess t~an 1000 m) and Uvi -
geri na peregrina (10\~er s l ope/uppennost 
r i se; water depths between 1000 and 
2500 m). The Gl obobulimina / Bulimina assem-
bl age co i ncides with the oxygen mi nimum 
zone; this agrees with t he occurrence of 
Gl obobuli mina in Mediterranean sapropels, 
organ ic- r i ch sediments deposited under 
anox ic conditions. In previous studies, U. 
peregrina has been assoc i ated Hith bathyal 
water depths, deep-11ater pa l eoten1peratures 
bet1~een 3- 40C, and v1ater of 1 OH oxygen 
content. However, correla ti ons between U. 
peregr ina and water depth or temperature-
are not t he same from place to pl ace, and 
on the continental slope and rise abundance 
of~· peregrina is not correlated with dis-
solved oxygen in the water co l umn. The 
highest abunda nces of ~· peregr ina cl ose ly 
coi nci de with max ima of organi c carbon and 
si l t within the slope sediments . This sug-
gests that the distribution of~· peregrina 
in this region may be influenced more by 
low oxygen in the sediments , rather than by 
low oxygen content of the overlying water. 
In Press : Geol og i ca l Soc iety Ameri can 
Bu ll eti n. 
Suppor ted by: The MIT/WHOI Joint 
Prog ram and NSF Grant OCE78- l 9768 . 
LATE CRETACEOUS TO EARLY TERTIARY 
AGGLOTINATE~f(fORAMINIFE RA 
IN THE LABRADOR SEA 
Kenneth G. Miller, Feli x M. Gradstein 
and Wi l liam A. Berggren 
A major fauna l change occurs at the end 
of the Eocene in the deep Labrador Sea 
(DSDP Site 112). Predominantly agglutin-
ated Eocene benthic foraminiferal assem-
bl ages are replaced by an Oligocene cal -
careous fauna. Thi s rep lacement correl at es 
with simil ar cha nges in t he Canadian margi n 
and the North Sea whe re the exit of agglu-
tinated foraminifera is associated with a 
change in depositional envi ronme nt . In 
Site 112, however, lithology, percent car-
bonate, and percent organic carbon are 
rel ativel y constant across the fauna l 
change. Thus , at l east in the deep sea, 
these properties may not be criti cal to the 
development of predominantly agglutinated 
assembl ages. We suggest that the 
replacement of agglutinated foraminifera in 
the deep Labrador Sea was due to a change 
in hydrographic properties . Seismi c 
evidence from this regi on indicates 
initi ation of northern sources of bottom 
water in the late Eocene to early Oligocene 
which may have resulted in a change in 
hydrography·and t he exi t of agg lutinated 
f oraminifera. 
Despite di achrony of certa in taxa found 
in Site 112 and the Canadian margin and 
previously reported ranges of agglutinated 
taxa from the North Sea, European flysch 
basins, and the deep- sea, agglutinated 
foraminifera are useful in the zo nati on of 
Labrador Sea sediments . 
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In Press : Micropaleontology. 
Su ppor ted by : The MIT/WHOI Joint 
Program; Ph i l l ips Petroleum Fel l ow-
sh i p; and the Consort i um of Oi l 
Companies (ARCO, Chevron , Exxon , 
Mobil, Ph i ll ips , Shell and Texaco) . 
ENV IRONMENTAL INVESTIGAT IONS DUR ING 
MANGANESE NODULE MINING TESTS IN THE 
NORTH EQUATORI AL PAC IFIC IN 
NOV EMBER 1978 
Erdwogan Ozturgut , J . Wi l liam Lavelle , 
Otto Steffin and Stephen A. Swif t 
The results of environmental s tudies 
conducted during the monitoring of a pi -
lot-scale manganese nodul e mining operation 
by Deepsea Ventures, Inc./Ocean Mi ning As-
sociates are presented. These studi es in-
cluded observations of the chemical and 
physical struct ure of t he upper 300 m of 
the water column, nephe l ometry and parti -
culate sampl i ng, light prof il es, primary 
production experiments, and macrozooplank-
ton studies. These observati ons were made 
pr i or to mini ng operations in the ambient 
water and during the 18 hours of mini ng. 
The charact eristics of the mining dis-
charge were found t o be: fl ow rate 
80-95 P/ s; total particulate concentration 
3-9 g/P; temperature 4- 50C; bul k density 
1.029-1.032 g/cm3; Fe 6% by weight; 
Mn 2. 76% by weight; and Ca 0.93% by weight. 
The pl ume generated by the mining di s-
charge was vi sibl e 2 km from the mi ni ng 
ship, with a width of 300-400 m at that 
distance. However, the plume was detec-
tabl e by nephelometry at a distance of 
7-8 km, wh ich corresponds to a pl ume age of 
about 12 hours. Nephelometer records in-
dicate that t he near-su r f ace concentration 
of particulates in the plume decreased from 
900 mg/P, at a distance of 70 m from the 
mining ship, to about 70 mg/P at 8 km. 
Background parti culate concentrations in 
the area were 30 mg/ P. The plume was ob-
served to be confi ned to the upper 40 m in 
three casts made at plume ages of one, two 
and three hours . 
In one-hour-old plume water, the total 
li ght attenuati on coeffi ci ent in the upper 
25-m l ayer increased fourfold to 0. 14 m-1 
from the mean ambient value of 0. 034 m-1 
due to shading by the particulates. Based 
on this reduction in l igh t intensity and on 
ambient in situ and on-deck primary produc-
tion measurements, a reduction of about 40 
i n primary production al ong the pl ume axis 
is estimated in a one- hour-old plume. This 
is a very limited area, and overall reduc-
tion in primary production within the total 
pl ume would be much l ess . 
The mining discharge did not have any 
other effect on primary·production accord-
ing to on- board experiments lasting less 
than one day. Simil arly, the resu l ts of 
fie l d observations and experiments con-
ducted for periods of one to two days sug-
gest t hat mini ng di scharge has no si gnifi -
cant effect on macrozoopl ankton at the con-
centrat ion l eve l s observed duri ng t his 
pi l ot mini ng test . 
Supported by: Marine Ecosystems 
Analysis Progra~. NOAA. 
DISPERSAL AND RESEDIMENTATION OF 
THE BENTHIC PLUME FROM DEEP- SEA MINING 
OPERATIONS: A MODEL WITH CALIBRATION 
J . Wil l iam Lavel l e, Erdwogan Ozturgut, 
Stephen A. Swi ft and Barrett H. Erickson 
An ana lytical sol ution of the time de-
pendent mass conservation equation is used 
to descri be the pass i ve dispersion of 
deep-sea particul ates resuspended during 
mi ni ng. Data from bottom photographs, 
deep-sea particul ate casts, and moored ne-
phelometers taken during and after North 
Pac i fic manganese nodule test mining in 
March-Apri l 1978 have been used to fix mo-
del parameters. Both the in situ settling 
vel ocity spectrum of the r~su~ded partl-
cul ates and the near-bottom vertical turbu-
l ent eddy diffusivity have been estimated 
by the least-squares method. The settling 
velocity spectrum shows a mean near 
10-1 cm/s , a value higher than expected 
of cl ay size partic l es in a primary 
partic l e size mode. The settli ng ve l ocity 
distributi on is al so broad , extending below 
settling speeds of 10- 2 cm/s. The 
vertical turbulent eddy di ffus i vi ty has a 
magnitude of approx imately 40 cm2;s, a 
value i n agreement wi t h interpretations of 
North Pacific deep-sea 222Rn profiles . 
Under reasonab l e extrapol ation assumptions 
for mining systems and patterns, the model 
and selected parameters are used to predict 
comr:1ercial mining resedimentation and 
benthi c pl ume sca l es . Singl e-track 
resedimentation thicknesses greater than 
1 mm are not expected beyond 400 m from a 
mining track. During continuous min inq 
operations, a benthic plume with 
particul ate concentrations exceeding am-
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bient level s at the bed (approximately 
6 ~g/1) may be expected to extend some 
160 km downstream, bearing particulates re-
suspended as much as 45 days earlier. 
In Press : Marine Mining. 
Supported by: Marine Ecosystems 
Analysis Program, NOAA. 
DISCHARGE AND SURFACE PLUME MEASUREMENTS 
- DUR ING MANGANESE NODU LE :4INING TESTS 
I_N THE NORTH EQUATOR IAL PACIF~ 
J . Wi lli am Lavelle, Erdwogan Ozturgut, 
Edward T. Baker and Stephen A. Swi f t 
Rates, concentrati ons, and composition 
of mining discharge and the si ze and struc-
ture of the ensuing surface plumes were ex-
amined duri ng North Pacific tests of scaled 
manganese nodule mining systems. Discharge 
was composed principally of bottom water 
and pelagi c silts and cl ays, although no-
du l e fragments with diameters less than 
1 mm were also discharged at widely varying 
rates. Average flow rates of the discharge 
varied from 95 to 160\/s, with the solid 
fraction varying from 550 to approximately 
2000 g/s. The plume, as determined by par-
ticul ate concentrations i n excess of am-
bient oceanic conditions, extended approxi -
mate ly 5 km from the mining ship and had a 
wi dth of about 1 km. Fe and Mn signatures 
al l owed detection of the pl ume nearly. 35 km 
from the source . The plume provided evi -
dence of settl i ng more rapidly than expect-
ed of si l t and cl ay-size particles; a mean 
settl ing velocity of 6 x 10-2 cm/s for the 
particulates in the plume and a mixed l ayer 
vertical turbulent eddy di ffusivity of 
1 x 10- 2m2fs have been inferred from 
the data . Field and l aboratory data 
together suggest the rapid settling was due 
to flocculation of the discharge 
particul ates. 
In Press: Marine Environmental Research . 
Supported by : Marine Ecosystems 
Analysis Program, NOAA. 
RESPONSE OF PERITRICHOUS CILIATES IN 
FOULING COMMUNITIES TO SEAWATER-
ACCOMMODATED HYDROCARBONS 
Davi d A. Caron and John M. Sieburth 
Natural assemblages of peritrichQus 
ciliates that develop in the fouling film 
on glass sl ides and plastic petri dishes in 
both summer and winter were ex ami ned in bto 
ecosystems. Foul ing in non-stressed com-
munities proceeded to the same biomass and 
divers i ty during the winter, al be i t more 
slowly, as those occurring during summer-
time fouling. The reactions of the 
ci l iates to the water -accommodated fraction 
(water phase of dispersion) of No. 2 fue l 
oil ranged from inapparen t 
(0.01 mg/1, 50C) to almost total exclu-
sion from the fou l ing film 
(0.08-0.50 mg/1, 240C). Intermedi ate ef-
fects inc l uded a del ay i n settl ement of two 
weeks (0.10 mg/1, 50C), or a stabi li za-
tion of colonization at a biomass si gnifi -
cantly lower than the control s 
(1.0 mg/ 1, 50C). Hydrocarbon stress of 
stabil ized peritri ch assembl ages cons i s-
tently resu l ted i n a reduction of biomass. 
Si gnificant reductions of species diversity 
occurred only with severe stress. Mi ld 
stress resu l ted i n an increase i n the 
"evenness" aspect of divers i ty, apparently 
due to disrupti on of the normal dominance 
of coloni al peritrich species. The wi th-
drawal of hydrocarbon stress caused the 
biomass and divers i ty of stressed peri tri ch 
assemblages to approach values of the con-
trol community within 10 days. The effects 
of hydrocarbons were not due to tox i city 
~~ ~~. but appear to be due to exclusion 
through migrati on or avoidance induced by 
an alteration of the physical -chemical na-
ture of the foul i ng fi lm by adsorbed hydro-
carbons. 
In Press : Transactions of the American 
Microscopical Society . 
Supported by: NSF Grant DES74-10537 
and Environmental Protection Agency 
Grants R80421701 and R803902. 
EFFECTS OF FEEDING FREQUENCY ON LIFE 
PROCESSES OF THE PLANKTONIC 
FORAMINIFER GLOBI GER INOIDES SACCULIFER 
(9RADY) IN LABORATORY CULTUR~ 
All an W. H. Be, David A. Caron 
and 0. Roger Anderson 
Glob i ger inoides sacculi fer (Brady), a 
common tropical pl ankton 1c foraminifer col -
l ected by scuba off Barbados, was main-
tained under six feeding regimes at con-
stant l ight and temperature conditions. 
Fi ve groups of 63 specimens each were fed 
1-day old Artemia at the rate of one nau -
plius per specimen every 1, 2, 3, 4, and 7 
days. A starved control group received no 
Artemia. The rate of chamb0r format i on and 
shell si ze i ncreased in proportion to the 
feeding frequency. However, an i nverse 
correlation existed between survival time 
GS-20 
and feeding frequency . Normal ly, survival 
t i me ends with gametogenesis lth i ch termi-
nates the life of the mother cell . Or-
ganisms fed more frequently reached maturi -
ty and underwent gametogenesis more rapi dly 
than those fed less frequently . The aver-
age surviva l t i me of G. sacculifer i n cul -
ture ranged from 7 days for the daily- fed 
group to 11 days for the group fed every 7 
days. While the latter grew more s l owly 
they eventually reached maturi ty. Starved 
i ndividual s rarely formed chambers and of-
ten expired without undergoing gametogen-
esis. Symbiotic zooxanthel lae presumably 
prol onged survival of starved organisms. 
Extrapol ation of survival data suggests G. 
saccul ifer has a variable life span of 2- to 
4 weeks depending on food availability. 
Gametogenic shel l s vastly ou t number 
non- gametogen ic shel l s (above 400 um in 
length) in deep- sea sediments and, there-
fore, the percentage of the former may be 
an i ndex of species ferti li ty. The shel l 
si ze of gametogenic shell s and the percen-
tage of G. sacculifer shel ls wi th a sac-
like chamber may be used as indicators of 
modern and past regional pl ankton produc-
t i vity. 
tn Press: Journal of the Marine 
Biological Association of the 
United Kingdom. 
Supported by: NSF Grant OC E78-25450 . 
DISRUPTION OF THE PRI MARY FOULING SEQUENCE 
ON FIBERGLASS REINFORCED PLASTIC SUBMERGED 
IN THE MARINE ENVIRONMENT 
David A. Caron and John M. Sieburth 
Fiberg lass reinforced plastic (FRP) im-
mersed in an experimental estuarine meso-
cosm fou l ed at estimated rates of 0. 5, 5.5, 
and 18.8 ng wet weight mm- 2 day- 1 over 
days 0- 2, 2-6, and 6- 14, respect i vely. 
Proti sts, domi nated by diatoms , which de-
veloped between days 3 and 6 and covered 
90~ of the und i sturbed surface in two 
weeks, were effectively removed by twice 
week ly brushing of the surface to ma intain 
an immature 3- day bacterial film Hhich co-
vered 12% or less of the surface and had a 
bi omass three orders of magnitude smal l er 
t han surfaces with two weeks ' unrestricted 
foul i ng . Direct appl ication to the FRP 
tank wa ll s of experimental estuarine meso-
cosms minimized t he "wall e·ffect" by 
keeping a low bi omass of a slowly 
accumul ati ng bacterial film rather than one 
which supports the more rapid accumulation 
of protists which in turn induce the set-
tlement of invertebrates and macrophytes. 
In Press: Journal of Appl ied and 
Environmental Microbiology. 
Supported by : NSF Grant OCE74-01537 
and Env ironmental Protection Agency 
Grants R80421701 and R803902 . 
POLYCHAETE LARVAL SETTLEMENT : 
CORRESPONDENCE OF PATT ERNS IN SUSPENDED 
JAR COLL ECTORS AND IN THE ADJACENT 
NATURAL HABITAT IN MONTEREY BAY, 
CAL I FORNIA 
Cheryl A. Hannan 
Larval sett lement patterns were ex 
amined by coll ecting sett l ing la rvae in 
widemouth jars and by sampling a subti da l 
sand habitat. The results indicate that 
availability of larvae for recruitment does 
not necessarily determine se ttl eme nt. The 
opportunistic polychaetes Armandia brevis 
and Capite ll a~· were coll ected i n densi -
t ies up to 1,000 times higher in t he jars 
than on the bottom. However, densiti es of 
the most abundant macrofaunal polychaetes , 
Nothri~ elegans and Prionospio pygmaea, 
were s imilar i n jar and bottom collec-
tion s. Occurrence of each of t he four spe-
c i es in t he jars corresponded to their 
breeding cycles . 
The numbers of l arvae se ttling in jars 
are unlikely t o reflect larval densiti es in 
proporti on to thei r nat ural densities if 
the larvae choose where to settle or if 
t heir settlement i s controlled by hydrody-
namic processes. Correl ative evidence sug-
gests that both phenomena occurred . The 
jars may simulate a depositional environ-
ment more simil ar to a nearby estuary where 
both~· brevis and Capitella ~....P.· are abun-
dant. The absence of estab~ ished infaunal 
organisms in t he jars may also have a pro-
found effect on settl ement. 
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Royden, Leigh . GG-11 *Talley, Lynne D . . . P0-4 
Russell, Mary . B-23 Tan, Yulin L . . . C-10 
Ryther, John H. . B- 3, 5, 29 Tapscott , Christopher GG-5 
Sachs , Peter L. . . . C-5 Tarbell, Susan A .. . . P0-25 
Sanders, James G .. . B- 23, 29 Taylor, Craig D . . .B-12, 13, 14 , C-16 
Sanford , Lawrence P. . OE-11 Taylor, Rodman E. . B-4 
Teal, John M. 
Terry, William E. 
Thompson, Geoffrey 
Thomson, John H. 
Thunell , Robert C. 
Page No. 
B-7, 10, 24, 25, C-14 
OE-11 
C-6, GG-12 
P0-23 
Tjalsma, Leonard R. C. 
Tjessem, Kje11 
Toole, John M. GS-15, P0-11, 
Torgersen, Thomas 
GG-16 
GG-3 
C-15 
17, 18,23 
C-12, 13 
MP-14 
GG-6, GS-16 
C-14 , 18 
GG-4, 6 
B-5 
GS-17 
Townsend, Ralph 
*Trehu, Anne M. 
Tripp , Bruce W. 
Tucholke, Brian E .. 
Tucker, Craig S. 
Upgrady, Timothy E. 
Valiela , Ivan 
van Andel, Tjeerd H. 
Vargo, Gabri e 1 A. . 
Vargo, Sandra L. 
Vastano, Andrew C .. 
Vermersch, John A. . 
Vermersch, Polly S. 
Veronis, George 
Vincent, Edith 
Volchok, Herbert L. 
von Arx, WilliamS. 
Von Herzen, Richard P. 
Wakeham, Stuart G. . 
Walden, Robert G .. 
Walton, William H .. 
Warren, Bruce A. 
Wartzok, Douglas 
Waterbury, John B .. 
Watkins, William A. 
Watters, David 
Webb, Douglas C. 
Weinger, Matthew B. 
Weiss , Wolfgang 
Werme, Christine 
Whelan, Jean K. 
White, Robert S. 
Whoriskey, Frederick G., Jr . 
Wick, Barbara J . 
Wiebe, Peter 
Wihlborg, Clas G. 
Wijkman, Per M. 
Wi 11 i ams, A 1 bert 
Williams, Audrey 
Williams, Robert 
J . , 3rd 
L. 
T. 
Wi 1 son, James 
Winget, Clifford L. 
B-7, 24, 25 
OE- fJ 
B-31 
B-31 
B-30 
P0-24 
B-23 
PO-ll 
GG-10 
. C-9, 10 
P0-25 
GG-7, 11 
. C-18 
OE-12, 11 
GG-3 
P0-5, 12 
B-6 
B-15 
B-6, 7 
MP-13 
P0-5 
B-11 
GG-3 
B-25 
B-16 , 17 
GG-7 
B-6, 9 
GG-10 
. B-29, 30, 31 
~1P-13 
MP-13 
.GG-16, OE-11 
P0-25 
C-3 
MP-14 
OE-12 
*Asterisks indicate Joint Program Students. 
- v -
Wirsen, Carl 0. 
Wise, Steven 
Witt , Richard T. 
Woodin, Bruce R. 
Woodruff, Fay 
Woodward, Bonnie 
Wormuth, John H. 
~Jors 1 ey, Thomas R. 
Worthington, L. Valentine 
Wright, Daniel G .. 
*Young, William R .. 
Zafiriou, Oliver C. 
Zenk, Walter. 
Zetler, Bernard 
*zlotnicki, Victor. 
Page No. 
B-13, 14 
C-14 
C-18 
B-16 
GG-10 
B-19, 28 
B-30 
GG-10 
P0-6 
P0-12 
P0-12 
C-5, 16 
P0-18 
OE-6 
GG-7 
